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My dear Sir, 

Ever since the time when you conducted me 
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received so many proofs of your kind recollection of me, 
that I request you to allow me to dedicate the second 
edition of this work to you. This I am the more desirous 
of doing, inasmuch as it is to you that I am indebted for 
the translation of the first edition, which appeared in the 
‘Meteorological Papers,’ and for the valuable additions 
which were then made to it. 

Yours with sincere respect, 



H. W. DOVE. 




AUTHOR’S PREFACE. 
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In this ‘ Second Edition’ the work has been so completely 
remodelled and enlarged, that I have added to the original 
title — ‘ The Law of Storms ’ — the words, ‘ considered in 
connection with the Ordinary Movements of the Atmo- 
sphere.’ In fact, these general considerations form the 
entire of the first half of this work. In the course of the 
thirty-four years which have elapsed since the appearance 
of my first investigations on the Law of Gyration and the 
Eotatory Movements of Storms, I have endeavoured, as 
far as possible, to supply, in confirmation of my theories, 
the empirical proofs, of which there were at first not many 
to be found. I have been careful to enumerate all such 
confirmations as I am aware of, and must apologise if I 
have, through ignorance of their existence, omitted to 
mention any. In contrast to the custom, which is unfor- 
tunately becoming every day more universal, of bringing 
forward facts which have been known for more than a 
century as if they were new discoveries of each author, I 
hold it to be the duty of everyone who selects the move- 
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ments of the atmosphere as the subject of his investigations 
to state openly what we owe to men like Dampier, Halley, 
Hadley, and Horsburgh, in this branch of science. The 
problems which are presented to us by the atmosphere 
are too complicated to allow of their solution off-hand ; 
and there will ever remain questions which earlier ob- 
servers have been unable to solve. To be classed with 
such predecessors as those I have named is the noblest 
recompense which we can hope for in return for our 
labours. 

Berlin : 

June 10, 1801. 




TRANSLATORS PREFACE. 



In this translation I have, by Professor Dove’s desire, em- 
bodied in the work itself the results of observations at 
Dorpat (p. 125) and at Toronto (p. 129), which only 
appeared in the Appendix to the original work. I have 
also added the tables for the year 1859 at Greenwich 
(p. 102), for Bermuda (p. 105), and for Melbourne 
(p. 115), which were received from the Author in the 
progress of the translation. Any additions which I have 
made in the way of notes are signed ‘ Trans.’ The 
notes signed ‘F.’ have been transferred, by Admiral 
Fitzroy’s permission, from the translation of the First Edi- 
tion, which is contained in the third number of ‘ Meteoro- 
logical Papers.’ 

The measures throughout the work have been converted 
to English inches, and the temperatures to their equiva- 
lents on the Fahrenheit scale. The quotations from all 
the works which were accessible to me in the libraries of 
Dublin have been taken from the originals. This has 
been the case with the quotations from Dampier, Halley, 
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INTRODUCTION. 



T HE AIR., if it be once set in motion, either with 
moderate velocity or as a storm, may preserve the 
direction of that motion unchanged, or else blow succes- 
sively from different points of the compass. In speaking 
of atmospherical currents, we distinguish permanent winds 
from those which are variable. In the same way, ordi- 
nary language has drawn a distinction between different 
classes of storms : those whose direction is constant being 
called gales; those which have a rotatory motion hurricanes , 
or, as Piddington calls them, cyclones ; and lastly, rotatory 
storms of smaller dimensions being termed trombs. 

We have succeeded, by the help of the ‘Law of 
Gyration,’ in referring the Trade-winds (whose direction 
is never changed), the Monsoons (whose direction is 
changed periodically), and the so-called Variable Winds 
of higher latitudes, to one common general principle, which 
Hadley had first applied to explain the origin of the 
Trade-winds. It is, therefore, not unnatural for us to 
expect that in the more violent disturbances of the atmo- 
sphere, certain general conditions will exist, which are 
common to them all, as well in their origin as in their 
subsequent course, although the appearances which they 
present may exhibit considerable variety. Instead of 
following this natural course of inquiry, identity has 
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been sought, not in the original conditions which pro- 
duced the phenomena, but in the phenomena themselves. 
The consequence of this error has been that a very 
animated discussion has arisen ; one party maintaining 
that all storms are cyclones, while the other asserts 
that the rotatory motion is never developed on a large 
scale. 

An error which is constantly refuted, and yet as often 
re-appears, is the belief that the meteorological pheno* 
mena of the temperate zone are only modifications, on s 
smaller scale, of those which appear in the torrid zone 
The real state of the case is, that the torrid zone presents 
the simplest form of the phenomena, whose more genera 
characters are exhibited in higher latitudes. This assertion 
is found to be the case as regards the movements of the 
atmosphere, as well in their mean direction, as in the ex- 
traordinary increase in their intensity, which we call t 
storm. In the case of the former, we find that the La\« 
of Gyration is the general rule observable in the temperate 
zones, while its exceptional cases, the Trade-winds anc 
Monsoons, are peculiar to the torrid zone. In the case 
of the latter, we find that the existence of both gales anc 
cyclones in the temperate zone may be demonstrated, 
whereas the cyclonical class of storm predominates to such 
an extent in the torrid zone, that the other class sinks 
into comparative insignificance beside it. A general theory 
of the wind ought to explain the reason why the primary 
causes, which affect the whole of the atmosphere, should) 
produce exclusively certain definite and exceptional effects 
in the torrid zone. j 

If we inquire in what cases a vane, which is exposed) 
to the action of air in motion, will preserve its direction 
unchanged, we find that they are three in number : — 

1. When the air flows from all sides towards one fixed 
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point at which it rises, or flows away, on all sides, from 
one fixed point where it sinks.* 

2. When the air circles about one fixed point, either 
from left to right, or from right to left. In this case 
the direction of the vane at the place of observation 
indicates the tangent to the whirlwind, which exists at 
that fixed point; whereas, in the former case, it corre- 
sponds with a radius, along which the influx or efflux of 
the air takes place. 

3. When large masses of air move from one point on 
the earth’s surface to another, and consequently the indi- 
vidual particles move in parallel rectilinear paths. In the 
first case which we have just discussed, the paths are 
diverging and converging right lines, while in the second 
they are concentrical circles. The third case of motion, 
viz., that in parallel rectilinear paths, can only take place 
under the following conditions : — 

a. If the places from which the air starts and at which 
it arrives be in the same latitude, no change in the distance 
between them, or in the velocity of the wind, can have 
any effect on the vane ; i.e., the direction of the vane is 
unaltered, however the extent in longitude or the velocity 
of the current may vary (according to Hadley). 



* The land and sea-breezes of small islands in hot climates, which are 
felt when there is no prevailing wind, are examples of this. If, during the 
day, the land assumes a higher temperature than the sea, the air in contact 
with it rises, and the cooler sea-air flows in below. The cold air sinks over 
the surface of the sea, as it does in the shade of a passing cloud on a hot 
summer’s day. During the night the land loses its acquired temperature 
more rapidly than the sea, so that the surface of the latter becomes at last 
warmer than that of the land, and a counter current from the land to the 
sea sets in. This circular motion in a vertical plane may be compared to 
the revolutions of a wheel. If there be no difference of temperature there 
is no motion ; if there be a difference, motion ensues, first in one direction, 
then in the other. There are two periods of rest every day, viz., those at 
which the direction of the rotation changes. 




6 



INTRODUCTION. 



b. If on the other hand the latitude, and consequently 
the velocity of rotation of the surface with which the ail 
is in contact, be not constant, the vane can preserve it 
direction unchanged, solely on the condition that th^ 
interval between the extreme points of its course remair 
unchanged, and at the same time its velocity do not var 
The cases in Avhich the vane changes its direction 
also three in number : — 

1. When the point towards which the wind is moving! 

or from whence it hai 
started, changes it* 
position. If (fig. 11 
we suppose this poinj 
to move from SW. ta 
NE., we find that ai 
the centre of the circle 
the wind chops about! 
after a calm, from NE| 
to SW. ; on the righl 
hand side of the path 
of the centre it veers 
from ENE. through E 
to SW., and on the left hand side of the path, from NNE, 
through W. to WSW. In each of these cases the amount 
of change dimin is hes as the distance from the centre 




increases. The same reasoning holds for winds which 
diverge from one central point, if we bear in mind that 
the directions of the wind in this case are diametrically 
opposite to those in the case last considered. 

2. When the point around which the air rotates 
changes its position. If the mass of air, rotating from 
right to left, in a direction opposite to that of the hands 
of a watch, move from SW. to NE., the place of observa- 
tion will pass successively through the points of intersec- 
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tion of a right line, with the concentrical circles of the 
cyclone passing over it. In this case the directions of 
the vane represent the 



tangents to these cir- 
cles drawn at the 
points of intersection. 
At the centre the wind 
chops about from SE. 
to hi W. ; on the right 
hand side it veers from 
SSE. through S. to- 
wards WW., and on 
the left hand side from 
ESE. through E. to- 




wards NEW. The 



direction in which the change of direction takes place, 
on either side of the path, is the same as in the former 
case ; but the directions of the wind differ by an angle 
of 90° in the two cases. If the cyclone rotate from 
left to right, the directions of the wind will be exactly 
reversed. 



3. When, in the case of a constant wind, the distance 
of the initial point or the velocity of the storm is 
altered. 



The effect produced by a change of position of the 
initial point of the current may be perceived from the 
following consideration : — 

The velocity of rotation of the individual points on 
the earth’s surface varies as the diameter of their lati- 



tude, and therefore increases from zero at the poles to 
a maximum at the equator. If the air be at rest, it 
partakes of the velocity of rotation of that portion of the 
globe over which it rests. Hence, if a difference of tem- 
perature, or any other cause, impart to it a tendency to 
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move in a direction parallel to the equator, its motion 
cannot be affected by the rotation of the earth, inasmuch 
as the points on the earth’s surface towards which it is 
moving have exactly the same velocity of rotation as 
those which it has left. If, on the other hand, the air be 
set in motion by any cause from the poles to the equator* 
it passes from points which possess a lesser to those 
which possess a greater velocity of rotation. This; 
air, therefore, moves at a slower rate from W. to E,-j 
than the points with which it comes in contact ; and 
hence it appears to have a motion in the opposite direc- 
tion, i.e. from E. to W. The deflection of the wind from 
its original direction, its rate of progression being sup- 
posed unaltered, will be greater, the greater the difference 
of the velocities of rotation of the point from whence it 
has started, and of that where the observation is made ; 
or, in other words, the greater the difference of latitude 
of these two places. Hence we see — 

1. In the northern hemisphere winds, originally north 
winds, change gradually through NE. towards E. 

If we take points 

A. A t A /t A ttt 
B B, B„ B,„ 

0 0, C„ C„, 

B D, D„ D m 

so situated that A B C D are all under the same meri- 
dian, A being the most northerly, D the most southerly 
station ; and that A A p &c., He on the same parallel of 
latitude, A being the most westerly, and A m the most 
easterly. If we conceive the whole body of air lying 
between A A nt and D I) n/ set in motion from north to 
south by any cause, we shall find that the air from C C u , 
reaches the latitude D D tn more or less as a north wind ; 
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that from B B, u as a north-east wind ; while that from 
A A in will reach it still more as an east wind. In this 
case an observer in the latitude D B n/ will see the vane 
gradually move from N. through NE. towards E. 

2. In the southern hemisphere, winds, originally south 
winds, change gradually through SE. towards E. 

If we take, as before, points 

d d, d„ d„, 
c c t c n c itt 
b b, b„ b t „ 
a a i a„ a //t 

of which those lying in the latitude a a n/ are the most 
southerly, and those in the latitude d d tn the most north- 
erly, an observer in the latitude d d tn will see the vane 
gradually turn from S. through SE. towards E. 

If in either hemisphere an east wind has arisen in the 
manner above indicated, it will preserve its motion in the 
latitudes D D tu or d d nt without being in any way affected 
by the rotation of the earth.* 

If the cause which produced a current towards the 
equator continue in operation, the east wind, which has 
thence arisen, will interfere with and retard the current. 
By means of this retardation, the air will soon attain the 
velocity of rotation of the places with which it is in 



* Ferrel, The Motions oj Fluids and Solids relative to the Earth's Surface ; 
comprising Applications to the Winds and the Currents of the Ocean. 
New York, 1860, p. 25. 'In whatever direction a body moves on the 
surface of the earth, there is a force arising from the earth’s rotation 
which deflects it to the right in the northern hemisphere, but to the left in 
the 80 uthem. , This extension of the principle of Hadley's theory leads to 
the same conclusions as that theory in the case of all the phenomena which 
are here considered. If we take into consideration the components of the 
moving force, which result for motions in the direction of the parallels of 
latitude, the conclusion which has been drawn as to the change of direction 
of the wind holds good for all winds, including east and west. 
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contact, and will pass into a state of relative rest with 
regard to it. A constant tendency of the air to flow 
towards the equator will therefore reproduce precisely the; 
phenomena which have been just considered. 

If we now take the case of the appearance of equatorial 
currents, after polar currents have predominated for a time 
— in the northern hemisphere the incipient equatorial 
current, as a south wind, will displace the polar current, 
which has become more or less easterly, in the direction 
E., SE., S. ; in the southern hemisphere, as a north 
wind, it will displace the polar current, which has be- 
come easterly like the other, in the direction E., NE., 
N. 

Hence, on the whole, in the latitude D D /n , in the 
northern hemisphere, the observed change of the wind 
will be N., NE., E., SE., S. I 

In the latitude d d /n , in the southern hemisphere, it; 
will be exactly the reverse, viz., S., SE., E., NE., N. 

Air, which flows from the equator towards the poles, 
moves from points which possess a greater to those which 
possess a lesser velocity of rotation towards the east. 
Hence it follows that — 

3. In the northern hemisphere a southerly wind in its 
progress gradually veers through SW. towards W. 

4. In the southern hemisphere a northerly wind in its 
progress gradually veers through NW. towards W. 

If we take points 

E E , E „ 

E E , E „ E ,„ 

F F, F n F m 

0 0, G„ G m 

in the northern hemisphere, such that those in the lati- 
tude G G w are the most southerly, we shall see, as before, 
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that if the whole body of air contained between the lati- 
tudes D B tu and G G in be set in motion from the south 
towards the north, an observer in the latitude D D tn will 
receive the wind from E E tn nearly as S. ; that from FF /t/ 
more as SW. ; and that from G G tn nearly as W. 

Similarly, if we take points 

d d t d tt d,„ 
e «/ «// «/// 

/ // /// //// 

9 9 / 9u 9m 

in the southern hemisphere, such that those in the lati- 
tude g g u/ are the most northerly, and those in d d ni the 
most southerly, we shall see that if the air lying between 
d d ut and g g tu be set in motion from the north towards 
the south, an observer at d d ul will receive the wind from 
e e tn nearly as N. ; that from f f n/ more as NW.; and that 
from g g tn nearly as W. 

A west wind, in either hemisphere, will interfere with 
fresh equatorial currents, and bring them to a state of 
relative rest. If the tendency of the air to flow towards 
the pole continue, the phenomena above described will be 
repeated until new polar currents change the west wind 
in the northern hemisphere, through NW. towards N., 
and in the southern through SW. towards S. 

This gives — 

For the northern hemisphere the change S., SW., W., 

NW.; N. 

For the southern hemisphere the change N., NW., W., 

SW., s. 

From the above considerations we derive the following 
laws : — 

A. In the northern hemisphere, when polar and equa- 
torial currents succeed each other, the wind veers in 
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general in the direction S., W.,N., E., S., round the com- 
pass. Exceptions to this rule are more common between 
S. and W. and between N. and E., than between W. and 
N. or between E. and S. 

B. In the southern hemisphere, when polar and equa- 
torial currents succeed each other, the wind veers in 
general in the direction S., E., N., W., S., round the com- 
pass. Exceptions to this rule are more common between 
N. and W. and between S. and E., than between W. and 
S. or between E. and N. 

This is the phenomenon ichich 1 have termed Tiie Law 
of Gyration. ! 

The Trade-winds and the Monsoons may be considered 
as special cases of this law. In the torrid zone, the only 
atmospherical current which is felt at the surface of the 
ground is the polar current ; and consequently a complete 
shift of the wind round the compass can never be ob- 
served. The deviation of the vane which is observed 
is proportional to the distance of the point of observation 
from the initial point of the current, and is only modified 
at the different seasons, to a certain extent, by the varia- 
tion of the position of this initial point. The most obvious 
instance in proof of this statement is the NE. Trade- 
wind of the northern hemisphere. We find, however, 
that, owing to the preponderance of land in the northern 
hemisphere, the zone of maximum temperature of the 
globe, at which the heated air rises, does not coincide 
with the equator, but falls in the northern hemisphere. 
This zone is the district towards which the polar currents 
of both hemispheres flow, between the tropics ; and con- 
sequently the SE. Trade-wind crosses the fine into the 
northern hemisphere. This wind, in the earlier portion 
of its course, moves over points whose velocity of rotation 
from W. to E. is continually increasing : on its entrance 
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into the northern hemisphere it moves over points whose 
velocity of rotation is continually decreasing, and con- 
sequently the polar current is converted into an equatorial 
current. The wind, which had previously assumed a 
more easterly direction, shifts through SE. to S., and 
may finally become south-westerly. The configuration 
of the land about the Indian Ocean produces this pheno- 
menon on the most extensive scale. In this district, the 
SE. Trade-wind enters the northern hemisphere as the 
SW. Monsoon during our summer, and the NE. Trade- 
wind enters the southern hemisphere as the NW. Mon- 
soon during our winter. 

The conversion of an equatorial into a polar current 
can only take place in consequence of the equatorial cur- 
rent passing over the pole, so that its deviation, which in 
the earlier part of its course was westerly, becomes subse- 
quently easterly. We are as yet without observations to 
control our conclusions relative to this phenomenon. 

If the air, which rests on any parallel of latitude, could 
be instantaneously transferred to another parallel, we 
should see the results of the difference in the velocity of 
rotation between this portion of the earth’s surface, and 
the air which has been placed in contact with it, developed 
in their full extent. This is, however, never realised, as, 
in the passage of the air from one parallel to another, the 
surface of the ground with which it is in contact has a 
tendency to impart to the air its own velocity of rotation 
by means of friction. In the neighbourhood of the equa- 
tor, the parallels of latitude increase in diameter less rapidly 
than in higher latitudes ; and inasmuch as in the neigh- 
bourhood of the heated belt, from which the air rises, the 
velocity of the wind is diminished, the tendency of the 
earth’s surface to impart its motion to the air with which it 
is in contact has a greater effect than elsewhere. Hence we 
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can easily see why the NE. Trade-wind has a less easterly! 
direction at its interior boundary, than in the centre of! 
the Trade-wind district. In the region of the Calms, the; 
velocity of rotation of the air is the same as that of thei 
surface of the ground ; and as the change in the velocity 
of the air which produces the calm cannot be a suddenc 
one, it must take place according to the principles just 
explained. This reasoning does not hold for the upper; 
counter Trade-wind (the return Trade), which preserved 
its original equatorial velocity of rotation unchanged, up toi 
the time that it descends to the surface of the ground. Inj 
this case, as it is not in contact with the earth, its velocity] 
cannot be modified by the earth, and it is easy to see thatj 
the mutual friction of two atmospherical currents is less! 
than the friction of air against water, and much less than] 
its friction against dry land. From considerations likej 
these, we see why the Trade-winds should assume a more 
definite form on the smooth and open surface of the sea 
than in the interior of continents, and why the counter 
Trade-wind should reach the earth with a considerable 
westerly deflection, while the region of Calms is bounded! 
by currents which blow in directions nearly diametrically 
opposite to each other. 

The preceding consideration is totally independent of 
the maimer in which we conceive the motion of the air! 
between the latitudes in question to have arisen, whether 
simultaneously at all points on the same meridian, or suc- 
cessively by suction or impulsion. It is also immaterial 
whether the currents which arise in the north and the 
south are directly opposed to each other, or more or less 
inclined towards each other and towards the meridian. 

The influence of the velocity of the wind on these ap- 
pearances will be easily understood from the preceding 
explanation. If the air move slowly, the surface over 
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which it is passing will impart to it more of its own velo- 
city of rotation than if it moved more rapidly. Hence a 
greater velocity of the wind will produce a greater devia- 
tion of the vane than a smaller velocity. This shows us 
that a change in velocity of the wind produces a deviation 
of the vane. 

In the foregoing investigation, it has been shown that in 
our latitudes a northerly current becomes more easterly 
the longer it lasts, and therefore that a NE. wind is a N. 
wind which has come from higher latitudes than the wind 
which reaches us as a N. wind. ; and similarly, that a SW. 
wind is a S. wind which has come from lower latitudes 
than our S. wind. Hence we shall be prepared to admit 
that a rotation of the vane can be an indication of the 
existence of a permanent current. The perpetual disre- 
gard of this fact is the chief cause of the confusion which 
exists, and continually appears afresh in the consideration 
of questions connected with the theory of the wind. The 
essential difference between the rotation of the vane pro- 
duced by an ordinary atmospherical current, and that 
produced either by a centripetal motion or by a whirling 
motion with advancing centre, is, that in the first case, the 
rotation is always in the same direction, w r hile in the second, 
it is opposite on the opposite sides of the path of the current. 
If, in the northern hemisphere, we term the rotation 
S. W. N. E., as is usual, ‘ with the sun,’ or direct , and the 
rotation in the direction S. E. N. W., ‘ against the sun,’ or 
retrograde , and in the southern hemisphere the rotation 
S. E. N. W., ‘ with the sun,’ and that S. W. N. E., ‘ against 
the sun,’ * we find that — 



* Contrary to nautical usage. The expression ( with the sun ’ originated 
in the northern hemisphere, beyond the tropic, where one looks at the sun 
rising in the east, and going from left to right across the south meridian to 
the west. This, of course, should be reversed in southern latitudes generally ; 
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Permanent winds turn the vane only in a direct sense* 
or with the sun : 

Cyclones or centripetal winds, when they have a pro- 
gressive motion, produce a rotation which is direct oi 
retrograde, according to the position of the point of ob- 
servation with regard to the path of the centre : 

Finally, by the interference of two permanent currents; 
whose directions are different, there ensue rotations o: 
both kinds, viz., direct, when, on the west side of tin 
wind-rose, a current is displaced by one which is mow 
northerly ; retrograde, when it is displaced by one mow 
southerly. On the east side, on the contrary, the rotatioi 
is direct when the displacing current is more southerlj 
than the previous one ; retrograde, when it is mow 
northerly. Currents diametrically opposed can check eadi 
other and cause a calm, producing the same phenomenon 
as is observed at the centre of a series of centripetal cur- 
rents or of a cyclone ; viz., winds diametrically opposed* 
separated by a calm district. , 

We see, therefore, that the same appearances can arise 
under totally different conditions, and that it is only by 
means of a careful investigation of all the phases of a 
phenomenon that we can pronounce a decision on any 
one that we have to do with in a particular instance. Lj 
this investigation the barometer is one of the chief means 
at our disposal, and we shall therefore consider its indi* 
cations with especial attention. I 

I. Previous to entering on the discussion of the storms, 
themselves, we shall examine more closely the motions of; 
the atmosphere in the different zones. i 

We find, as has been stated above, three types of these 
motions : — 

but seamen retain the sense of 1 with the sim ’ as (applicable to the coiling :j 
or lay of a rope) from left to right. Hence some confusion. — F. 
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1. Permanent Winds : The Trade-winds of the Torrid 
Zone. 

2. Periodical Winds : The Monsoons of the Indian 
Ocean. 

3. Changeable Winds : The winds of the Temperate 
and Frigid Zones. 
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I.— The Permanent Winds.— The Trade Winds. 

I. THE UNDER TRADE-WIND. 

If any point in a liquid be heated more strongly than 
the others, currents arise in it, and the colder particles 
flow from all sides towards this heated point. At this: 
point itself the fluid is at rest, owing to the compensation 
of the opposite motions. The most obvious illustration of 
this is offered by the flame of a candle when it is burning 
steadily. 

Were the earth at rest, and the sun fixed over a point 
on the equator, the air from all parts of the world w r ould 
flow towards this point, and we should find the conditions 
of the flame of the candle fulfilled. The earth, however, 
moves on its axis, and consequently, instead of one heated 
point, we have a zone of maximum temperature on which 
the air is at rest. This zone separates the areas of the 
northern and southern currents of cold air, each of which 
is thus forced to perform its own circuit. 

If we assume that the mean breadth of this zone is in- 
variable throughout the year, and that it moves with the 
sun through 23^° on each side of the equator, we shall 
find it in June under the tropic of Cancer, in January 
under that of Capricorn. Consequently, all places in the 
torrid zone will be for a part of the year in the northern 
Trade-wind, and for a part in the southern. These periods 
will be separated by intervals at which there will be no 
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particular direction of the wind. If the air be supposed 
to flow towards the parallel of latitude which has the sun 
in the zenith at the time, the wind will flow from directly 
opposite quarters, within the yearly period, at all points 
over which the sun passes twice in the year. The dura- 
tion of the two currents will be the same at the equator. 
In the northern hemisphere the northern current will last 
longer, and vice versd in the southern hemisphere. The 
difference in the durations will increase with the distance 
from the equator. At the tropics there will be only one 
current interrupted by a calm at the time of solstice. We 
should therefore obtain at all points in the torrid zone 
‘ Monsoons ’ or winds depending on the seasons. The ro- 
tation of the earth would produce an effect on these, and 
we should have the following winds at the different sea- 
sons, on the respective sides of the equator : — 



TORRID ZONE. 



Spring 


. 


Northern 

NE. 




Southern 

SE. 


Sufnmer 


. 


SW. 


. 


SE. 


Autumn 


. 


NE. 


• 


SE. 


Winter 


. 


NE. 


. 


NW. 



In the preceding investigation we have omitted to take 
notice of the fact that the magnitude of the masses of air, 
which are separated by the region of calms, varies very 
much at different seasons. At the winter solstice the air 
of the torrid zone is included in the northern Trade-wind 
circuit, and at the summer solstice in the southern circuit ; 
so that it is only at the equinoxes that the quantities of 
air in each of these circuits are equal. As the relation 
between these masses varies with the seasons, it will neces- 
sarily interfere with the regular motion of the zone of 
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Trade-winds northwards and southwards. Another point 
which it is necessary to remember is, that the vertical 
Trade-wind circuit does not take place in an area which is 
uniform in w r idth, but in one which tapers towards the 
pole. We may consider the space between two meridians 
as a section of an isosceles triangular prism, whose base 
has a higher temperature than any other part. Conse- 
quently the air which rises at the base will not descend at 
the vertex, but at some parallel to the base line. From 
this it is evident that the phenomenon of the Trade-winds 
will not embrace the whole of a hemisphere, but only a 
portion of it which is adjacent to the equator, and that 
the Trade-winds will have interior and exterior limits. 
It appears, further, that the mean position of the place of 
meeting of the two currents will not coincide with the 
equator, but will be thrown up into the northern hemi- 
sphere. The reason of this is, that the unequal distribu- 
tion of dry land on the surface of the earth causes the 
northern hemisphere to have a higher mean temperature 
than the southern. The displacement of the zone of Trade- 
winds at the different seasons, will be influenced more 
by the conditions of temperature in the torrid zone than 
by those of the whole earth ; inasmuch as the air in dis- 
tricts lying at a distance from the equator is not included 
in the Trade-wind circuit. 

We shall now proceed to examine the observations, and 
draw our conclusions from them. 

In the 6 Distribution of Heat on the Surface of the 
Earth*,’ I have given the following tables of the mean 
temperature of the northern portion of the torrid zone 
for each month in the year. 



* Die Vei'breitung der Wtirrne auf der O bo f ache der Erde, &c. Reimer, 
Berlin, 1852. 4to. 
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Latitude 


0° 


10° 


20° . 


30° 


January . 






79*47 


77-22 


70-02 


58-55 


February . 






80*15 


78-57 


72-72 


59*90 


March . . 






80*60 


79-69 


75-20 


63-72 


April . . 






81*27 


81-05 


79-02 


68-22 


May . . 






80*15 


81*27 


80-60 


73-62 


June . . 






7992 


81*05 


81*05 


77 22 


July . . 






78-57 


80-82 


81*72 


78-35 


August 






78-80 


80-82 


81*72 


80-60 


September 






79 02 


80*82 


80-60 


7745 


October 






7902 


80*15 


79 02 


72-95 


November . 






79*69 


79*69 


76-32 


65-97 


December . 






79*25 


78-35 


72-95 


59-67 


Winter . . 






79*69 


7812 


71*82 


59 45 


Spring . . 






80-60 


80*60 


78-35 


! 68-45 


Summer . 






7902 


80-82 


81*50 


78-80 


Autumn . 






79-25 


80-15 


78-57 


72-05 


Year .... 


79-69 


79*92 


7745 


69-80 



If we compare with this table the latitudes of the inte- 
rior boundary of the Trade-winds given from observations 
in the Atlantic and Pacific Oceans, we find the following 
results : — 

The northern limit of the zone of calms, i. e. the lati- 
tude at which the NE. Trade-wind disappears in the neigh- 
bourhood of the equator, is, according to D’Apres : — 



In January and May, 

February, 

March and April, 

June 

July, August, and September, 



between 6° and 4° N. lat. 

99 J ^ „ 

99 2 5 „ 

at 10 „ 

between 13 and 14 „ 



Seller* gave the following limits of the NE. Trade- 
wind in the year 1675, and at the same time the direc- 
tion of the SE. Trade-wind which is met with after leaving 
the zone of the NE. Trade-wind. 



In January 1 
February V . 
March J 



4° N. lat. where the SE. and E. winds begin. 



* Quoted in Horsburgk, East India Directory, vol. i. p. 20, 2nd edit. 
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In April . . . 5° N. Lat. where the SE. wind begins. 

May ... 6 SE., a little southerly. 

June ... 8 S. 

July ... 10 S. 

August . .11 S., a little westerly. 

September .10 S. 

October . . 8 S., a little easterly. 

November .6 SE. 

December .5 SE. 



From this we see clearly that the higher the SE. Trade- 
wind passes into north latitudes, after crossing the equator, 
the more is its direction altered from a south-easterly, 
through south, into a south-westerly. This is a necessary 
consequence of the diminution in the rapidity of rotation 
of the surface of the ground with which the air is in con- 
tact. Dampier gives the direction of the wind in the 
summer months between the equator and 12° N. lat., as 
SSE., SSW., and SW. Horsburgh ( India Directory , vol. i. 
p. 16) says, that the SE. Trade-wind, at its northern 
limit, has a nearly southerly direction, especially in July, 
August, and September. The same is true of other months. 
If you go further southward, the wind is more south-east. 
Basil Hall ( Fragments of Voyages and Travels , second 
series, vol. i. p. 189) expresses himself quite as decidedly 
about the southerly winds which prevail at the northern 
limit of the SE. Trade-wind. He asserts that the easterly 
direction of the Trade -winds at their meeting, which is 
usually given on charts, is absolutely false, but is so preva- 
lent an opinion that young officers are usually much as- 
tonished to find themselves convinced of its error by their 
own experience. 

Horsburgh (vol. i. p. 25) gives the following table of 
the limits of the Trade-winds between the 18th and 26th 
degrees of W. long. It is taken from the observations of 




THE UNDER TRADE-WIND. 



23 



149 ships, passing from the NE. Trade into the SE., and 
of 88 passing from the SE. into the NE. The latitude 
is north. 





Southern limit of 
the NE. Trade. 


Northern limit of 
the SE. Trade. 


Breadth of the 
intermediate zone. 


January . 






5° 


45' 


2° 


45' 


3° 


0' 


February 






6 


... 


1 


15 


4 


45 


March 






5 


8 


1 


15 


3 


45 


April . . 






5 


45 


1 


15 


4 


30 


May . . 






6 


30 


2 


45 


3 


45 


June . . 






9 


... 


3 


... 


6 


... 


July . . 






12 


... 


3 


30 


8 


30 


August . 






13 


... 


3 


15 


9 


45 


September 






11 


45 


3 


... 


8 


45 


October . 






10 


... 


3 




7 


... 


November 






8 


... 


3 


45 


4 


15 


December 






5 


30 


3 


15 


2 


15 


hence for the 


different set 


isons : 


: — 






Winter 






5° 


45' 


2° 


25' 1 


3° 


20' 


Spring . . 


. 




5 


47 


1 


45 


4 


2 


Summer . 






11 


20 


3 


15 


8 


5 


Autumn . 






9 


55 


3 


15 


6 


40 


Year . . 






8° 


12' 


2° 


20' 


5° 


52' 



Kerhallet gives the following table of the extent of the 
Trade-winds in the Pacific Ocean, compiled from the obser- 
vations of 92 ships, ( Considerations generates sur V Ocean 



Pacijique, 1856, p. 4) : — 





Polar 
of the NE. 
Trade, Lat.N. 


Limit 
of the SE. 
Trade, Lat. S. 


Equatorial Limit 
oftheNE. | of the SE. 
Trade, Lat. N.j Trade, Lat.N. 


1 

| Breadth of the 
j region of calms. 

1 


January . . 


21° 


0' 


33° 


25' 


6° 


30' 


5° 


0' 


3° 


30' 


February . . 


28 


28 


28 


51 


4 


1 


2 


0 


i 2 


1 


March . . . 


29 


0 


31 


10 


8 


15 


5 


50 


! 2 


25 


April . . . 


30 


0 


27 


25 


4 


45 


2 


0 


1 2 


45 


May . . . 


29 


5 


28 


24 


7 


52 


3 


36 


4 


16 


J une . . . 


27 


41 


25 


0 


1 9 


58 


2 


30 


1 7 


28 


July . . . 


31 


43 


25 


28 


12 


5 


5 


4 


7 


1 


August . . 


29 


30 


24 


18 


1 15 


0 


2 


30 


12 


30 


September 


24 


20 


24 


51 


! 13 


56 


8 


11 


5 


45 


October . . 


26 


6 


23 


27 


12 


20 


3 


32 


8 


48 


November 


25 


9 


28 


39 












# , 


December . . 


24 


0 


22 


30 


l 5 

1 


12 


1 


*56 j 


3 


16 




24 
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From these tables we see that the variation in position 
of the zone of Calms takes place within narrower limits 
than that of the zone of maximum temperature, both as 
regards its approach to the equator as its motion away 
from it. We must, however, remember that the mean 
temperature at any latitude exerts an influence on 
that of the whole earth, while the position of the 
zone of Calms is only affected by that of the zone of 
Trade-winds. 

In the summer the south-east Trade-wind crosses the 
line and extends, as south-west Monsoon, up to the foot 
of the Himalayas. If we consider this to be the interior 
limit of the southern Trade-wind, it is evident that in the 
interior of Africa it must extend as far as the coast of 
Guinea. In fact, the inner northern limit of the southern 
Trade-wind may thus be shown, by considering the south- 
west Monsoon of the Indian Ocean as a modification of 
that wind, to lie much further to the north of the equator 
than would appear to be the case from the consideration 
of the Trade-wind itself. The correspondence between 
the distribution of temperature and of the Trade-wind 
areas is consequently much closer than it would appear 
to be if we were to neglect the Monsoons. In the same 
way the same causes affect the approach of the interior 
southern limit of the HE. Trade to the equator, inasmuch 
as that wind in the Indian Ocean, during the winter 
months of the northern hemisphere, does not only reach 
the equator, but crosses it and appears in the southern 
hemisphere as north-west Monsoon. We are not yet in a 
position to determine the extent to which this takes place. 

Maury gives the following determinations of the ex- 
treme limits of the Trade-wind in the Atlantic Ocean. 
In summer this wind commences near the Azores, in 
winter to the south of the Canary Islands : — 
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Latitude or commencement of NE. Trade in 


Longitude, W. 


Winter. j 


Spring. 


Summer. 


Autumn. 


70 ° 


28 ° 


28° -7 


29° -3 


29 ° 


65 


26 *3 


28 *0 


29 *3 


28 *3 


60 


24 


24 *3 


27 *3 


28 *3 


65 


22 


22 *7 


24 *7 


25 


50 


21 


23 *7 


28 *3 


23 *7 


45 


23 


24 *7 


31 *3 


28 *7 


40 


27 *7 


29 *7 


30 *7 


29 3 


35 


26 


27 *3 


30 *7 


25 -7 


30 


24 *3 


28 -7 


29 -7 


26 7 


25 


25 *3 


24 *7 


31 3 


26 *3 


20 


24 -3 


28 *3 


28 *7 


27 


15 


29 


31 


32 


31 -3 


10 




31 *3 


34 *7 


32 



EXTENT OF THE TRADE IN GEOGRAPHICAL MILES. 



Longitude, W. 


Winter. 


Spring. 


Summer. 


Autumn. 


Year. 


50 ° 


274*5 


280-5 


285 


205-5 


261 


45 


304-5 


319-5 


340-5 


295-5 


315 


40 


375 


415-5 


325 'o 


300 


354 


35 


355-5 


400-5 


325 *o 


244-5 


332 


30 


334-5 


405 


289-5 


270 


325 


25 


330 


330 


310 5 


255 


306 


20 


304-5 


364-5 


264 


250-5 


296 


15 


346-5 


379 5 









A balloon allowed to drift freely before the wind, 
although the direction of its motion may change fre- 
quently, will nevertheless be found, after the lapse of a 
certain period, at a definite distance in a determinate 
direction from the point of commencement of its motion. 
Lambert’s formula gives this direction and the extent of 
the motion, considering as 100 the distance which it 
would have travelled if its motion during the whole 
period had been exclusively in this direction. Coffin 
( Winds of the Northern Hemisphere) has determined in 
this way the direction and intensity of the NE. Trade- 
wind in the Atlantic Ocean. 
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Coffin ( loc . cit. p. 158) gives the following table of the 
directions : — 



REGION OF CALMS. 



Latitude .... 
Longitude .... 
Days .... 


0°— 5° 
3005 


5° — 10° 
10°— 55° 
3339 


January .... 


S 81° 46' E 


N 47° 5'E 


February .... 


N 83 31 E 


N 44 56 E 


March .... 


N 63 13 E 


N 45 3 E 


April ..... 


N 52 18 E 


N 44 50 E 


May 


S 89 59 E 


N 55 38 E 


Jane ..... 


S 47 45 E 


S 59 IE 


July 


S 37 17 E 


S 7 IE 


August .... 


S 20 52 E 


S 4 59 W 


September .... 


S 20 15 E 


S 8 26 W 


October .... 


S 38 0 E 


S 38 2 E 


November .... 


S 58 28 E 


S 82 15 E 


December .... 


S 68 23 E 


N 60 25 E 


Year 


S 60° 2' E 


N 80° 32' E 



EASTERN SIDE OF THE TRADE-WIND ZONE. 



Latitude . 
Longitude . 
Days 



January 
February 
March 
April 
May. 

June 
July 
August . . 

September 
October 
November . 
December . 



Year 



10°— 15° 
15° — 45° 
1850 


15° — 20° 
15° — 45° 
1332 


20° — 25° 
15° — 45° 
1334 


25° — 30° 
15° — 45° 
1622 


30o_ 35° 
15° — 45° 
1749 


N 55° 


30'E 


N 50° 


42*E 


N 64° 


9'E 


N 78° 


26'E 


S 46° 


8'E 


N 54 


41 E 


N 46 


48 E 


N 56 


50 E 


N 43 


35 E 


S 2 


47 E 


N 55 


51 E 


N 49 


29 E 


N 26 


2 E 


N 80 


19 E 


S 27 


S3 E 


N 56 


44 E 


N 49 


28 E 


N 43 


0E 


N 79 


39 E 


S 1 


29W 


N 49 


14 E 


N 43 


50 E 


N 45 


34 E 


N 67 


39 E 


N 88 


32 E 


N 55 


0E 


N 42 


8 E 


N 48 


49 E 


N 42 


48 E 


N 30 


9W 


N 57 


2 E 


N 41 


26 E 


N 37 


45 E 


N 44 


35 E 


N 32 


35 E 


N 49 


18 E 


N 40 


49 E 


N 42 


IE 


N 53 


11E 


S 76 


13E 


N 46 


6 E 


N 54 


14 E 


N 51 


8 E 


N 62 


36 E 


N 14 


40 E 


N 69 


20 E 


N 54 


50 E 


N 57 


58 E 


N 73 


31 E 


N 45 


21 E 


N 68 


54 E 


N 60 


50 E 


N 67 


70 E 


N 78 


50 E 


S 21 


58 E 


N 61 


33 E 


N 58 


5 E 


N 65 


9 E 


N 70 


27 E 


S 42 


25 E 


N 57° 


25'E 


N 49° 


l'E 


N 55° 


20'E 


N 62° 


53'E 


S 44° 


27TE 
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WESTERN SIDE OF THE TRADE-WIND ZONE. 



Latitude . 
Longitude 
Days . . 


100—15° 
45° — 75° 
662 


15° — 20° 
45° — 80° 
1190 


20° — 25° 
45° — 80° 
1573 


250— 30 o 
45° — 80° 
2906 


30o_ 350 
45° — 75° 
2564 


J anuary . 


N 65° 


O'E 


N 64° 21 'E 


N 65° 


29'E 


N 42° 


50'E 


S 80° 


lO'W 


February . 


N 52 


12 E 


N 58 


25 E 


N 75 


53 E 


N 55 


7 E 


S 79 


16 W 


March . . 


N 58 


14 E 


N 67 


21 E 


N 72 


33 E 


N 74 


23 E 


S 73 


19 W 


April . . . 


N 59 


59 E 


N 77 


27 E 


N 82 


4 E 


N 78 


31 E 


S 49 


3 W 


May. . . . 


N 63 


8 E 


N 68 


21 E 


N 80 


IE 


S 63 


52 E 


S 62 


43 E 


June . . . 


N 51 


50 E 


N 60 


20 E 


N 80 


42 E 


S 43 


17 E 


S 22 


27 W 


July 


N 66 


49 E 


N 62 


25 E 


N 78 


24 E 


S 67 


2 E 


S 8 


41 E 


August . . 


N 66 


14 E 


N 70 


38 E 


N 72 


6 E 


S 74 


51 E 


S 7 


11 E 


September 


N 82 


29 E 


N 83 


32 E 


N 83 


0 E 


S 81 


43 E 


S 49 


8 E 


October. . 


N 73 


52 E 


N 83 


49 E 


S 68 


49 E 


S 69 


14 E 


N 85 


7 E 


November 


N 67 


37 E 


N 75 


48 E 


N 79 


IE 


N 66 


16 E 


S 84 


32 W 


December 


N 46 


38 E 


N 61 


5 E 


N 69 


52 E 


N 70 


26 E 


N 81 


21 W 


Year . . . 


N 59° 


55'E 


N 68 ° 


34'E 


N 79° 


23'E 


N 79° 


4'E ' 

1 


S 31° 


35'W 



The following are the values of the intensity, 100 being 
taken to represent the intensity if the wind had blown in 
the determined direction without interruption : — 



EASTERN SIDE OF THE TRADE-WIND ZONE. 



Latitude. 


0 °— 5° 


04 

O 

1 , 

O 

O 


10°— 15° 


15° — 20° 


20°— 25®j25°— 30° 


300—35° 


January . 


53 


65 


85 


75 


38 


19 


12 


February 


54 


72 


81 


71 


53 


11 


25 


March . . 


52 


74 


89 


68 


21 


3 


9 


April . . 


56 


82 


88 


80 


51 


8 


31 


May . . . 


48 


69 


90 


81 


67 


8 


8 


June . . 


69 


33 


75 


90 


74 


35 


1 


July. . . 


82 


45 


42 


99 


85 


67 


22 


August . 


84 


71 


17 


75 


84 


61 


12 


September 


79 


58 


23 


76 


71 


33 


13 


October . 


72 


30 


55 


67 


50 


27 


8 


November 


80 


55 


78 


78 


53 


20 


29 


December 


56 


52 


78 


75 


59 


38 


26 


Year . . 


55 


34 


66 


1 

| 77*5 


1 

i 58 


26 


10 
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WESTERN SIDE OF THE TRADE-WIND ZONE. 



Latitude 


10°— 15° 


15° — 20° 


20° — 25° 


25° — 30° 


30O— 350 


J aimary 


87 


78 


35 


15 


16 


February .... 


90 


86 


51 


10 


30 


March 


87 


75 


38 


3 


21 


April 


83 


64 


46 


25 


11 


May 


89 


84 


65 


43 


14 


J une 


96 


95 


65 


44 


29 


July 


89 


87 


81 


57 


35 


August 


85 


80 


76 


47 


19 


September . . . 


55 


1 73 


I 54 


35 


19 


October 


67 


70 


55 


39 


18 


November .... 


89 


72 


52 


45 


10 


December .... 


74 


73 


57 


2 


29 


Year . 


82 


77 


55 


28 


11 



From these tables w r e obtain the following conclusions : 
— Between the equator and the parallel of 5° N. the wind 
is southerly throughout the year, with the exception of the 
months of February and March. Between 5° and 10° it 
is southerly in summer and autumn ; northerly in winter 
and spring. Betw r een 10° and 25° it is north-easterly 
during all the months. Between 25° and 30° this direc- 
tion holds only on the eastern side of the Atlantic Ocean, 
as on its western side the wind is southerly during the 
summer months. From this we see that the exterior 
limit of the NE. Trade is a line which rises gradually from 
America to the north of Africa, so that a ship, on its 
passage from the temperate into the torrid zone, enters 
the Trade-wind on the eastern side of the Atlantic Ocean 
earlier than it would on the western side. Between 30° 
and 35°, southerly winds are prevalent over the whole 
ocean, but yet in such a way that their mean direction is 
more nearly SW. on the American side, and SE. on the 
European. 

The way in which this mean direction is compounded 
of the individual observed winds, is apparent from the 
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following table taken from Maury, ( The Winds at Sea , 
their Mean Direction , and Annual Average Direction 
from each of the Four Quarters ) : — 

NORTH ATLANTIC OCEAN. 



Lat. N. 


NE. 


SE. 


SW. 


NW. 


Calm. 


0°— 5° . 


85 


192 


49 


11 


28 


5 — 10 


136 


91 


86 


18 


34 


10 — 15 


244 


60 


24 


19 


18 


15 — 20 


244 


89 


10 


13 


9 


20 — 25 


203 


96 


25 


25 


16 


25 — 30 


127 


99 


67 


51 


' 21 


30 — 35 


86 


88 


101 


73 


17 


35 — 40 


74 


65 


126 


86 


14 


40 — 45 


58 


68 


123 


100 


16 


45 — 50 


52 


57 


136 


107 


12 


50 — 55 


52 


85 


128 


86 


14 


55 — 60 


49 


51 


164 


95 


6 



The figures in the first column of the table indicate the 
number of days on which the direction of the wind was 
between N. and E. ; in the second the number on which 
it was between E. and S., &c. The appearance of the 
SE. Trade in the northern hemisphere is clearly indicated, 
as well as the predominant south-westerly direction in the 
temperate zone, and the prevalence of calms on the inner 
borders of both Trade-winds. The following is a similar 
table for the 

SOUTH ATLANTIC OCEAN. 



Lat. S. 


NE. 


SE. 


SW. 


NW. 


Calm. 


0°_ 5° 


26 


314 


17 


4 


4 


5 — 10 


24 


329 


10 


2 




10 — 15 


58 


295 


8 


2 


2 


15 — 20 


89 


244 


14 


12 


6 


20 — 25 


123 


157 


37 


39 


9 


25 — 30 


109 


124 


62 


62 


8 


30 — 35 


67 


108 


91 


89 


10 


35 — 40 


52 


55 


114 


135 


9 


40 — 45 


53 


35 


125 


142 


10 


45 — 50 


54 


24 


123 


1 55 


9 


50 — 55 


65 


19 


129 


146 


6 


55 — 60 


48 


18 

1 


121 


167 


11 
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We see that the phenomena of the SE. Trade are even 
more clearly marked than those of the NE. Trade. The 
reason of this is evidently to be sought for in the fact 
that the predominance of water surface on the southern 
hemisphere secures a freer and more regular motion to 
the atmosphere. Another circumstance, the reasons of 
which will be hereafter indicated, exerts an influence, 
viz. that the number of cyclones in the northern portion 
of the torrid zone is greater than in the southern. If we 
count the wind from N. through E. to SW. and N. from 
0° to 360°, we find the direction in the different quadrants 
to be nearly as follows : — 



Latitude. 


Northern Hemisphere. j 


Southern Hemisphere. 


1 


2 


3 


4 ; 


1 


2 


3 


4 


0°— 5° 


52° 


139° 


204° 


327° 


60° 


127° 


213° 


316° 


5—10 


53 


138 


210 


288 


69 


133 


211 


317 


10 — 15 


54 


115 


223 


318 j 


63 


130 


206 


327 


15 — 20 


55 


110 


218 


327 ' 


55 


128 


209 


332 


20 — 25 


50 


125 


219 


322 j 


45 


133 


217 


327 


25 — 30 


49 


128 


219 


317 


44 


139 


218 


334 


30 — 35 


44 


138 


222 


314 i 


39 


139 


222 


317 


35 — 40 


42 


141 


225 


312 


38 


138 


227 


314 


40 — 45 


43 


141 


226 


310 


35 


142 


228 


315 


45 — 50 


45 


139 


228 


309 1 


27 


135 


; 234 


316 


50 — 55 


49 


139 


228 


308 : 


30 


141 


| 237 


315 


55 — 60 i 


35 


! 140 


227 


311 i 


36 


144 


j 239 


310 



For the Pacific Ocean the following table is given : — 

PACIFIC OCEAN. 



Lat, N. 


NE. 


SE. 


SW. 


SW. 


Calm. 


0° — 5° 


49° 


206° 


89° 


12° 


9° 


5—10 


134 


134 


54 


20 


14 


10 — 15 


266 


43 


19 


27 


10 


15 — 20 


243 


49 


15 


45 


13 


20 — 25 


212 


66 


25 


52 


10 


25 — 30 


142 


99 


60 


50 ' 


14 


30 — 35 


96 


109 


92 


56 | 


12 


35 — 40 


93 


70 


96 


93 j 


13 


40 — 45 


66 


68 


113 


102 1 


16 


45 — 50 


62 


74 


110 


107 


12 


50 — 55 


56 


72 


123 


ioi ! 


13 


55 — 60 


58 


92 


119 


81 


15 
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PACIFIC OCEAN. 



Lat. S. | 

! 


NE. 


SE. 


SW. 


NW. 


Calm. 


0°— 5° ! 


76° 


229° 


27° 


25° 


8° 


5 — 10 


62 


243 


25 


25 


10 


10 — 15 


96 


219 


14 


25 


11 


15 — 20 


89 


216 


18 


29 


13 


20 — 25 


91 


195 


37 


29 


13 


25 — 30 


80 


154 


77 


41 


13 


30 — 35 


63 


103 


112 


74 


13 


35 — 40 


63 


54 


129 


106 


13 


40 — 45 


56 


35 


125 


141 


8 


45 — 50 


49 


32 


129 


147 


8 


50 — 55 


41 


36 


118 


164 


6 


55 — 60 


86 


30 


95 


186 


8 



In the West Indian Sea — 



Lat. N. 


NE. 


SE. j 


SW. 


NW. 


Calm. 


10°— 15° 


260° 


82° 


6° 


5° 


12° 


15 — 20 


209 


120 ! 


10 


12 


14 


20 — 25 


191 


103 i 


19 


| 30 


22 


25 — 30 


128 


106 ! 


; 53 ! 


j 58 


20 



If we compare the numerical values for the two oceans 
we can easily understand that while, on the one hand, the 
Spanish seamen called the tropical portion of the Atlantic 
Ocean el golfo cle las Damas (the Ladies’ Sea), because it 
was so easy of navigation that a girl might take the helm ; 
on the other hand Varenius should say that the sailors on 
leaving Acapulco might go to sleep, without minding the 
helm, as the wind was certain to take them to the 
Philippine Islands without altering their course. 

Maury gives the following table of the exact directions 
in the four quadrants : — 
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PACIFIC OCEAN. 



Latitude. 


Northern Hemisphere. 


Southern Hemisphere. 


1 


2 


3 


4 


1 


2 


3 


4 


0°— 5° 


57° 


136° 


210° 


318° 


59° 


130° 


216° 


321° 


5—10 


54 


136 


213 


314 


57 


120 


229 


311 


10 — 15 


51 


120 


227 


320 


55 


126 


225 


322 


15 — 20 


51 


117 


227 


322 


58 


126 


218 


319 


20 — 25 


53 


118 


225 


322 


58 


128 


221 


321 


25 — 30 


53 


127 


223 


318 


54 


131 


219 


316 


30 — 35 


! 50 


132 


212 


315 


48 


139 


219 


311 


35 — 40 


1 42 


139 


222 


316 


38 


141 


223 


314 


40 — 45 


i 47 


133 


224 


311 


35 


140 


228 


313 


45 — 50 


43 


134 


227 


310 


31 


135 


233 


312 


50 — 55 


! 44 


137 


228 


308 


36 


141 


236 


307 


55 — 60 


! 47 


137 


227 


307 


38 

i 


137 


1 236 


311 



The results obtained would be rendered more easy of 
comprehension if they had been calculated according to 
Lambert’s method, in which the observed directions of 
the wind in the four quadrants are all projected on two 
directions at right angles to each other, viz. E. and W., 
and 1ST. and S. The method which appears best adapted 
for seafaring men, is that of a graphical representation of 
the winds observed at various localities on the surface of 
the sea. This method has been followed with great 
success in the ‘ Wind Charts ’ of the Board of Trade, &c., 
published by Admiral Fitzroy in 1856, and in the ‘Wind 
Charts of the South Atlantic Ocean,’ and those ‘ of the 
Western and Eastern Portions of the Indian Ocean ’ for 
each month of the year.* In these cases, however, it 

* JVindkaart van dm Zuider Atlant. Oceaan — van het Westelijk Deel — 
and van het Oostelijk Deel der Indische Zee. Published in the 2nd and 3rd 
volumes of the Uitkomstm van Wetenshap cn Ervaring aangaande Winden m 
Zeestroomingm in Sommige Gedcelten van den Oceaan. TJitgegeven door het Kon . 
Ned. Meteor. Instituut. Utrecht, 1859. (Results of Science and Experiment 
respecting the Winds and Marine Currents in certain Parts of the Ocean. 
Published by the Royal Meteorological Institute of the Netherlands. Utrecht, 
1859.) 
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would be necessary to give the numerical values from 
which the lines have been constructed, in order that the 
mean direction might be calculated with accuracy from 
the results. 

These numerical values are given in the ‘ Monthly 
S ailin g Directions for the Voyage from Java to the British 
Channel ’ * for the Atlantic Ocean, from which work I 
have taken the following tables. In the northern hemi- 
sphere I have combined together the three months cor- 
responding to the yearly meteorological seasons ; while 
for the southern I have only given the total for the whole 
year, inasmuch as the variation in that hemisphere in the 
course of the year is very slight. 



NORTHERN HEMISPHERE. 

WINTER. 



Latitude . . 
Long. W. . 


30° — 25° 
25° — 45° 


25° — 20° 
25° — 45° 


20° — 15° 
25° — 45° 


15° — 10 ° 
20° — 40° 


10°— 5° 
15° — 35° 


o o 
o 

CO 

1 1 
o o 

*Q >0 


N. 


03 


34 


25 


6 


39 


59 


NNE. 


143 


84 


59 


82 


325 


172 


NE. 


208 


271 


437 


620 


648 


256 


ENE. 


231 


288 


292 


146 


147 


87 


E. 


153 


84 


56 


12 


58 


146 


ESE. 


80 


59 


7 




16 


114 


SE. 


53 


31 


1 




19 


273 


SSE. 


40 


17 






19 


291 


S. 


59 


17 






22 


120 


ssw. 


36 


11 






11 


36 


sw. 


33 


3 






9 


9 


wsw. 


3 


• •• 






4 


8 


w. 


19 


2 






10 


20 


WNW. 


16 


8 






2 


26 


NW. 


36 


16 


*2 




3 


27 


NNW. 


35 


13 


14 




3 


23 



* Maanddijksche Zeilandwijzingen van Java naar het kanaal Utrecht, 
1869. 



D 
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SPRING. 



Latitude . . 
Long. W. . 


30° — 25° 
25° — 15° 


25° — 20° 
25° — 45° 


20° — 15° 
25° — 45° 


15° — 10° 
20° — 40° 


10°— 5° 
15° — 35° 


5° — 0° 
15° — 35° 


N. 


34 


40 


10 


23 


186 


72 


NNE. 


41 


86 


36 


186 


655 


229 


NE. 


208 


244 


476 


588 


561 


230 


ENE. 


241 


381 


422 


127 


67 


101 


E. 


223 


160 


85 


9 


51 


187 


ESE. 


126 


62 


19 




16 


215 


SE. 


73 


19 


3 




16 


157 


SSE. 


44 


9 


6 




14 


148 


S. 


32 


12 


2 




28 


103 


ssw. 


41 


23 


2 




15 


28 


sw. 


46 


18 


6 




16 


27 


wsw. 


21 


12 


3 




5 


12 


w. 


20 


15 


8 




14 


32 • 


WNW. 


24 


8 


2 




12 


11 


NW. 


44 


11 


6 


1 


46 


25 


NNW. 


31 


16 


4 


6 


96 


34 



SUMMER. 



Latitude . . 
Long. W. . 


30° — 25° 
25° — 45° 


25° — 20° 
25° — 45° 


20° — 15° 
25° — 45° 


15° — 10° 
20° — 40° 


10°— 5° 
15° — 35° 


»— • 

o< Oi 

1° f 

03 

Ol O 

o o 


N. 


16 


1 


12 


159 


31 


2 


NNE. 


69 


22 


86 


.284 


73 


2 


NE. 


279 


371 


475 


373 


86 


2 


ENE. 


279 


298 


174 


111 


32 


6 


E. 


103 


53 


16 


28 


22 


37 


ESE. 


44 


13 




23 


16 


112 


SE. 


25 


4 




25 


27 


191 


SSE. 


5 






24 


92 


279 


S. 


7 




i 


42 


139 


122 


SSW. 


... 




... 


23 


127 


69 


sw. 


4 






46 


113 


11 


wsw. 


2 




... 


48 


68 


3 


w. 


19 






86 


76 


... 


WNW 






i 


53 


35 


4 


NW. 


9 


*3 


l 


45 


52 


2 


NNW. 


6 


... 




33 


10 


3 
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AUTUMN. 



Latitude 
Long. W. . 


30° — 25° 
25° — 45° 


25° — 20° 
25° — 45° 


20° — 15° 
25° — 45° 


150—10° 
20° — 40° 


10°— 5° 
15° — 35° 


5° — 0° 
15° — 35° 


N. 


62 


68 


14 


51 


30 


1 


NNE. 


111 


131 


123 


238 


122 


3 


NE. 


183 


284 


423 


431 


216 


5 


ENE. 


220 


292 


179 


142 


118 


6 


E. 


110 


132 


76 


40 


81 


20 


ESE. 


69 


37 


11 


20 


42 


58 


SE. 


32 


6 


7 


13 


62 


163 


SSE. 


20 


... 


2 


15 


84 


348 


S. 


25 


5 


• • • 


35 


114 


187 


SSW. 


32 


... 


• • • 


11 


58 


92 


sw. 


30 




3 


52 


66 


23 


wsw. 


13 


... 


2 


42 


50 


18 


w. 


11 


... 


... 


18 


68 


5 


WNW. 


19 


2 


1 


24 


56 


6 


NW. 


39 


10 


... 


23 


32 


1 


NNW. 


37 


30 


... 


39 


14 


4 



SOUTHERN HEMISPHERE. 

YEAR. 



Latitude 

Longitude 


0°— 5° 
15° — 25°W 


5°— 10° 
10° — 15°W 


10° — 15° 

5° — i5 0 W 


15° — 20° 
0°— 10°W 


20° — 25° 
5°W — 10°E 


25°— 30° 
0°— 15°E 


30° — 36° 
10° — 20°E 


N. 










11 


34 


151 


NNE. 




... 


... 


... 


7 


11 


32 


NE. 


16 


7 


... 


24 


27 


20 


119 


ENE. 


58 


45 


66 


30 


19 


10 


79 


E. 


282 


173 


223 


204 


155 


45 


173 


ESE. 


640 


277 


1060 


818 


506 


175 


309 


SE. 


1950 


2530 


2478 


2474 


2488 


1722 


1147 


SSE 


567 


358 


279 


507 


658 


821 


762 


S. 


147 


39 


50 


149 


383 


587 


807 


SSW. 


21 






34 


97 


274 


574 


SW. 


11 






8 


102 


360 


688 


wsw. 






... 




23 


230 


437 


w. 


... 






... 


29 


211 


576 


WNW. 








... 


12 


105 


418 


NW. 


... 








22 


156 


549 


NNW. 


... 






... 


7 


19 


151 



The greater constancy of the SE. Trade is very clearly 
seen from this, as well as its passage over the equator into 

D 2 





36 TIIE PERMANENT WINDS — THE TRADE WINDS. 

t-lie northern hemisphere. On the whole, the results 
obtained by Dutch vessels confirm the calculations made 
by Coffin, from the data collected by Maury. 

2. The Upper Keturn-Trade-Wind. 

In the preceding section we have seen that the air Hows 
towards the equator from the poles of both hemispheres. 
In consequence of this tendency it would accumulate in 
the tropical regions, and its pressure, as indicated by the 
barometer, would continually increase, were it not that an 
efflux of the air in the opposite direction takes place in 
the upper strata of the atmosphere. A fact which bears 
visible testimony to the existence of this current is the 
motion of clouds, at a great height, against the Trade- 
wind, which has been observed from the surface of the 
earth, and expressly mentioned by many navigators. Of 
these we shall only cite Basil Hall and Paludan. Fendler, 
at Tovar in Venezuela, has proved the existence of the 
current numerically by observations carried on for a long 
series of years. The level at which this return current 
commences is so high, that it has not been ascertained with 
certainty by the ascent of the highest peaks of the Cor- 
dilleras in the vicinity of the region of Calms ; but yet the 
fact of its existence in that region has been clearly 
demonstrated. In the night of the 30th of April and 1st 
of May, 1812, explosions, as if of heavy ordnance, were 
heard at Barbadoes, so that the garrison of Fort St. Anne 
was kept under arms. At break of day on the 1st of 
May, the eastern part of the horizon w r as clear, -while the 
remainder of the sky was enveloped in a black cloud. 
The darkness soon extended over the whole sky to such a 
degree that the place of the windows could not be seen 
in the apartments, while the trees gave way under the 
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load of ashes which fell on them. Where did these ashes 
come from ? In the months of April and May the Trade- 
wind is at its height, so that it would have been natural 
to conclude that they had come from the volcanoes of the 
Azores. The true source of the ashes was the volcano of 
Morne Garou, in the island of St. Vincent, which lies 100 
miles west from Barbadoes, and from which it is impos- 
sible to reach Barbadoes by sea without taking a very 
circuitous route, in consequence of the direction in which 
the Trade-wind blows. The ashes from the volcano had 
been thrown by the violence of the eruption through the 
under Trade-wind into the upper counter-current. Again, 
on the 20th of January, 1835, the whole isthmus of 
Central America was shaken by an earthquake which 
accompanied the eruption of the volcano of Coseguina, on 
the Lake of Nicaragua. The violence of the eruption 
was enormous, so that the sounds were heard at Sta Fe 
de Bogota, at a distance of 1,000 miles ; while the cloud 
of ashes was so dense that Union, a seaport town on the 
west coast of the Bay of Conchagua, was enveloped in 
total darkness for forty-three hours. Ashes fell also at 
Kingston, and at other places in Jamaica, so that the 
inhabitants were able to learn that the explosions which 
they had heard had not been those of cannon. These 
ashes could not have been carried to Jamaica except by 
the counter-trade-wind, as that island lies to the north- 
east of Nicaragua. 

The fact that ashes from low volcanoes, like Morne 
Garou and Coseguina, reached the upper current, proves 
that the eruptions must have been of extraordinary 
violence. This was the case with Morne Garou, as the 
eruption to which we have referred formed part of a series 
of stupendous volcanic phenomena, and marked the finale 
of the disturbance. In June and July, 1811, Sabrina 
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Island rose out of the sea, near St. Michael, one of the 
Azores. The island was raised to a height of 300 feet 
above the level of the sea, which is 150 feet deep at the 
place, and it was an English mile in circumference. This 
event was followed by the continual earthquakes which 
were felt for months in Arkansas and Ohio, and finally by 
the total destruction of the city of Caraccas on the 26th 
of March, 1812. It was not until May that the volcanic 
energies, which had been so long struggling to get free, 
burst open the vent of Morne Garou, which had been 
closed for a century. The noise of the eruption was 
heard at Rio Apure, which is about as far from the 
volcano as Naples is from Paris. 

Halley was the first to assert the existence of an upper 
current in the opposite direction to the Trade-wind.* He 
says, ‘ The north-east Trade-wind below will be attended 
with a south-westerly above, and the south-easterly with a 
north-westerly above : that this is more than a bare con- 
jecture, the almost instantaneous change of the wind to 
the opposite point, which is frequently found on passing 
the limits of the Trade-winds, seems to assure us.’ 

Halley accordingly considered the south-west wind at 
the outer limit of the north-east Trade, and the north- 
west wind at the outer limit of the south-east Trade to be 
the upper Return-Trade-wind reaching the surface of the 
earth. The only reason he gives for it is, that it is pro- 
duced ‘ by a kind of circulation.’ The phenomenon is, 
however, a necessary consequence of Halley’s theory, 
who says f , ‘ The north-east and south-east winds between 
the tropics must be compensated by as much south-west 

* ‘ An Historical Account of the Trade-winds and Monsoons observable in 
the Seas between and near the Tropic, with an Attempt to assign the Phy- 
sical Cause of the said Wind.’ — Phil. Trans. 1G8G, p. 1G7. 

t ‘The Cause of the General Trade-wind.’ — Phil. Trans. 1735, p. 62. 
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and north-west winds in other parts, and generally all 
winds from any one quarter must be compensated by a 
contrary wind somewhere or other ; otherwise some 
change must be produced in the motion of the earth 
round its axis.’ 

Leopold von Buch was the first to point out the effect 
which tills descent of the Return-Trade-wind has on the 
winds of the temperate zone. This he has done in his 
remarks on the climate of the Canary Islands.* 

It is very remarkable and instructive, as well as of the greatest 
importance for the science of meteorology, to observe the mode in 
which this NE. Trade is displaced by the SW. winds towards winter. 
These winds do not commence to the southward and move up 
northwards, but are felt first on the coast of Portugal, then at 
Madeira, and afterwards at Teneriffe and the Canaries. They 
descend as gradually from the upper strata of the atmosphere as 
they come down from the northward. They had existed con- 
tinually at this high level, even throughout the summer, when 
the NE. Trade-wind was blowing with the greatest violence at 
the sea-level ; for the peak of Teneriffe is high enough to reach 
the upper current even at midsummer. It is hard to find any 
account of an ascent of the peak in which the strong west wind 
which had been met with on the summit is not mentioned. 
Humboldt ascended the peak on the 21st of June; when he 
reached the edge of the crater he could scarcely keep his feet, 
such was the violence of the west wind (. Relcit . i. p. 132). If 
such a wind had been felt at Santa Cruz or Orotava at that 
season, the inhabitants would have been quite as much aston- 
ished as those of Barbadoes were at the ashes which fell there. 
I found a similar west wind, although not so high, at the sum- 
mit of the peak on the 19th of May. George Glass, an atten- 
tive and accurate observer, who as a seaman had closely studied 
the winds of the Canary Islands for many years, says in his 

* Physikalischc Besclireibung der Canarisclien Inseln (Physical Description 
of the Canary Islands), 1825, p. 67. 
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‘ History of the Canary Islands’ (p. 251), that c a strong west- 
erly wind is constantly blowing at the highest points of these 
islands, during the prevalence of the NE. wind below. This,’ 
he adds, ‘ I believe to be the case in all parts of the world where 
the Trade-winds are felt. I do not venture to explain this 
phenomenon, but so it is at the top of the Peak of Teneriffe, 
and on the mountains of some others of these islands.’ Glass 
knew the islands too well not to speak from his own experience 
on this subject. 

These winds descend slowly down the sides of the mountains 
from the higher strata of the atmosphere. This is clearly to be 
seen by the clouds from the south, which have enveloped the top 
of the peak ever since October. They appear lower and lower, 
and at last rest on the crest of the mountains lying between 
Orotava and the south coast, which are about 6,000 feet high, 
and break up there in fearful thunder-storms. Perhaps a 
week or more elapses after this before they are felt at the sea- 
level. There they stay for months. Rain falls only on the 
slopes of the mountains, and the peak covers itself with snow. 
Can one help believing that the west wind which sailors look 
for, on the summer voyage from Teneriffe to England, in the 
neighbourhood and at the level of the Azores, and which they 
usually find there — that the nearly invariable west or south- 
west wind, which makes sailors call the voyage from New Aork 
or Philadelphia to England down-hill , and that from England 
back again up-hill , is not, as well as the west wind on the sum- 
mit of the peak, the upper equatorial current, which descends 
here to the level of the sea ? It would follow from this that the 
upper equatorial current does not reach the pole, at least over 
the Atlantic Ocean. 

We are indebted to Piazzi Smith * for more accurate 
data as to the boundaries of the two currents. The ver- 
tical depth of the under NE. Trade was found to be 9,000 
feet. The cloud stratum did not he, during the preva- 

* ‘ An Astronomical Experiment on the Peak of Teneriffe.’ — Phil. Trans. 
1859, p. 627. 
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lence of the NE. wind below, between that current and 
the SW. current above, but was to be found nearly in the 
centre of the under current, at a height of about 4,000 or 
5,000 feet above the sea-level. 

The fact that Goodrich found, in April, a SW. wind at 
the top of Mouna Kaa, while the NE. Trade-wind was 
blowing at the lower levels of the island of Hawaii, proves 
that the phenomena observed at the Canary Islands are 
true for all places situated at the outer edge of the Trade- 
wind zone. 

If we were able to determine by actual experiments on 
a series of lofty peaks the direction of the wind at various 
heights, we should be in a position to gain a more accurate 
insight into the ratio between the volumes of the direct and 
counter currents. The barometer gives us the total pressure 
produced by the conjoint action of both currents, and by 
means of this instrument we can see very clearly that the 
atmospheric pressure at the interior edges of the Trade- 
wind zones, where the air rises, is materially less than at 
their outer edges, where the upper Trade-wind descends. 
A. von Humboldt w T as the first to draw attention to the 
diminution of pressure in the vicinity of the equator, and 
L. von Buch to the relatively increased pressure in the 
vicinity of the Canary Islands ; but A. Erman and Herschel 
were the first to prove that the passage of the one condi- 
tion into the other was gradual. It is very clearly per- 
ceptible in the new tables of observations made by the 
Dutch marine. We may also observe in these tables the 
close accordance between the variable place of ascent and 
the district of maximum temperature, pointed out above 
(page 21). The following table gives, in decimals of an 
inch, the differences from the mean height of the baro- 
meter observed in the' Atlantic Ocean, from lat. 35° N. to 
36° S., and also the limits of the zone of Calms. 




42 



THE PERMANENT WINDS — THE TRADE-WINDS. 



ATMOSPHERICAL PRESSURE IN THE TRADE-WIND ZONE 
ATLANTIC OCEAN. 



Latitude 


Winter 


Spring 


Summer 


Autumn 


N 35° — 30° 


+ 0192 


+ 0122 


+ 0-171 


+ 0-083 


30 — 25 


+ 0173 


+ 0-145 


+ 0-134 


+ 0*078 


25 —20 


+ 0-067 


+ 0-087 


+ 0 050 


- 0-002 


20 —15 


+ 0 007 


+ 0-008 


- 0-048 


- 0 049 


15 —10 


- 0-062 


- 0-042 


- 0-103 


- 0-093 


10—5 


- 0104 


- 0-107 


- 0-120 


- 0112 


5—0 


- 0-119 


- 0-133 


- 0-121 


- 0 093 


S 0 — 5 


- 0-117 


- 0111 


- 0-087 


- 0-069 


5—10 


- 0-072 


- 0-076 


- 0-056 


- 0-024 


10 —15 


- 0-033 


- 0-029 


- 0-O04 1 


+ 0-027 


15 —20 


+ 0-007 


+ 0-018 


+ 0 045 


+ 0-049 


20 —25 


+ 0-042 


+ 0-050 


+ 0-077 


+ 0-124 


25 —30 


+ 0-050 


+ 0-050 


+ 0-073 


+ 0-085 


30 —36 


- 0 030 


+ 0-029 


+ 0-028 


+ 0-046 


Mean height . 


30 020 in. 


30-025 


30-057 


30-039 


S. limit of the 










NE. Trade . 


5° 45' 


5° 47' 


o 

hO 

o 


9° 55' 


N. limit of the 










SE. Trade . 


2° 25' 


1° 45' 


3° 15' 


CO 

o 

Cm 



Were tlie district of maximum rarefaction to reach 
higher latitudes in summer, the SE. Trade would extend 
still further over the equator into the northern hemisphere, 
and its direction would be altered through south finally 
into south-west, in consequence of its now passing over a 
series of points, whose velocity of rotation is continually 
decreasing. Under these circumstances, all places situated 
in the northern portion of the torrid zone would lie in the 
region of this southern Trade-wind, whose direction would 
have been changed to south-west, as long as the sun 
was on the northern side of the equator. During the 
winter they would he in the northern Trade-wind, and 
the region of Calms would pass over them twice a year. 
Thus their permanent Trade-wind would be changed into 
a wind which changed periodically (a Monsoon). This 
really happens in the Indian Ocean, and we must there- 
fore submit the laws of its winds to a special investiga- 
tion. 




43 



II— The Yearly Periodical Winds. 

1. THE MONSOONS OF THE EAST INDIES. 

It would be more correct to describe the Trade-wind as 
an imperfectly developed monsoon, than to consider the 
latter as a modification of the former. Monsun (Malay 
musim ) is derived from mausitn , the Arabic for season. 
The Greeks learnt the fact of its existence during the 
expeditions under Alexander. Arrian says that according 
to the observations of Hippalus, who gave it the name of 
Libonotus , this wind appears in the Indian Ocean at the 
same time as the Etesian winds prevail in the Mediter- 
ranean, and that navigation from the ports was not prac- 
ticable until the appearance of this southerly wind, 
which blew from the sea towards the land. In this he 
agrees with Aristotle, who describes expressly the regular 
alternation of the winds in those seas. Marco Polo first 
heard of it at Mangi, as the inhabitants of that place sail 
in winter to the Spice Islands near Zipangri (Ceylon), and 
return in summer with a wind in the opposite direction. 
The knowledge which the Arabs had of the phenomenon 
went very much into detail ; for Sidi Ah, in his work 
Moliit, on the navigation of the Indian Ocean, compiled 
out of ten Arabic works, and published in 1554, gives 
the time of commencement of the Monsoon at fifty dis- 
tinct places. 

Halley (Phil. Trans. 1686, p. 158), describes them in the 
following words : — 
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Between the latitudes of 10° and 30° south, between Ma- 
dagascar and Holland ia Nova, the general Trade-wind about the 
SE. by E. is found to blow all the year long, to all intents and 
purposes, after the same manner as in the same latitudes in the 
Ethiopic Ocean, as it is described in the fourth remark afore- 
going. 

The aforesaid SE. winds extend to within 2° of the equa- 
tor, during the months of June, July, August, &c., to No- 
vember, at which time between the south latitudes of 3° and 
10°, being near the meridian of the north end of Madagascar, 
and between 2° and 12° south latitude, being near Sumatra and 
Java, the contrary winds from the N\V. or between the north 
and west, set in and blow for half the year, viz., from the 
beginning of December till May ; and this monsoon is observed 
as far as the Molucca Isles, of which more anon. 

To the northward of 3° south latitude, over the whole 
Arabian or Indian Sea and Gulf of Bengal, from Sumatra to 
the coast of Africa, there is another monsoon, blowing from 
October to April upon the north-east points ; but in the other 
half year, from April to October, upon the opposite points of 
SW. and WSW., and that with rather more force than the 
other, accompanied with dark rainy weather, whereas the NE. 
blows clear. ’Tis likewise to be noted that the winds are not so 
constant, either in strength or point, in the Gulf of Bengal, as 
they are in the Indian Sea, where a certain steady gale scarce 
ever fails. ’Tis also remarkable that the SW. winds in these 
seas are generally more southerly on the African side, more 
westerly on the Indian. 

To the eastward of Sumatra and Malacca, to the northward 
of the line, and along the coast of Camboia and China, the 
monsoons blow north and south, — that is to say, the NE. winds 
are much northerly, and the SW. much southerly. This con- 
stitution reaches to the eastwards of the Philippine Isles, and 
as far northerly as Japan. The northern monsoon setting in 
in these seas in October or November, and the southern in 
May, blowing all the summer months. Here it is to be noted 
that the points of the compass, from whence the wind comes in 
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these parts of the world, are not so fixed as in those lately 
described ; for the southerly will frequently pass a point or two 
to the eastwards of the south, and the northerly as much to the 
westwards of the north, which seems occasioned by the great 
quantity of land which is interspersed in these seas. 

In the same meridians, but to the southwards of the equa- 
tor, being that tract lying between Sumatra and Java to the 
west, and New Guinea to the east, the same northerly and 
southerly monsoons are observed, — but with this difference, that 
the inclination of the northerly is towards the NW., and of the 
southerly towards the SE. ; but the plagce venti are not more 
constant here than in the former, viz. variable 5 or 6 points. 
Besides, the times of the change of these winds are not the 
same as in the Chinese seas, but about a month or six weeks 
later. 

These contrary winds do not shift all at once, but in some 
places the time of the change is attended with calms, in others 
with variable winds ; and it is particularly remarkable that the 
end of the westerly monsoon on the coast of Coromandel, and 
the two last months of the southerly monsoon in the seas of 
China, are very subject to be tempestuous. The violence of 
these storms is such that they seem to be of the nature of the 
West India hurricanes, and render the navigation of these parts 
very unsafe about that time of the year. These tempests are by 
our seamen usually termed the breaking-up of the monsoons . 

Capper ( Observations on the Winds and Monsoons ^ 
London, 1801, p. 42) gives a more accurate account of 
these intermediate periods : — 

On the Coromandel coast, between the end of one monsoon 
and the commencement of the other, the winds are variable, 
partaking of both directions. Calms often last through the 
whole of September, and into October. As soon as the sun 
commences to approach the zenith from the southward, the 
NE. monsoon loses its power, and there is a daily alternation of 
land and sea breezes, — a phenomenon not observed at its com- 
mencement. At this time the wind on the coast seems to 
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follow the sun regularly, as it shifts through the whole compass 
every twenty-four hours. The violent storms do not occur at 
the breaking-up of the monsoon, but some time afterwards. 

According to Horsburgh ( India Directory, vol. ii. p. 
200), the months of October and May are the months of 
change for the SW. and NE. monsoon north of the equa- 
tor, and the months of April and October for the NW. 
and SE. monsoon south of the equator. He places the 
northern limit of the latter at lat. 2° N., and its southern 
limit at lat. 12° S. He places the extreme eastern limit 
of the district at 145° E. longitude near the Ladrone 
Islands. According to Goldingham’s observations in 
Madras, carried on for a space of twenty-one years, the 
NE. monsoon lasts there from the 19th of October to the 
2nd of March. Its setting-in varies from the 29th of 
September to the beginning of November. At Angara- 
kandy, on the Malabar coast, the SW. monsoon begins, 
according to Brown, on an average on the 31st of May, 
but varies between the 20th of May and 18th of June. 
According to Jansen, the change takes place in the fol- 
lowing way in the Java seas : — 

During the month of February the W. monsoon is still 
strong and steady ; in March it is interrupted by calms and 
squalls, which become less frequent and less violent in April. 
Now the easterly winds break in suddenly, clouds collect and 
darken the sky, while there are incessant thunder-storms by 
day and night, and waterspouts are very common. If the wind 
change again to W. or N. the sky clears again ; but this wind 
does not last, and the clouds soon reappear. The rain gra- 
dually ceases during the daytime, and SE. winds prevail 
throughout the month of May. At the time of the reverse 
change of the E. with the \V. monsoon, the calms last for a 
shorter period, as the wind assumes a decided NW. direction at 
once, and the showers of rain, accompanied by violent squalls, 
are only felt for a short time. Thunder-storms are abundant, 
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but only on land or close to the coast. Towards the end of 
November the NW. monsoon is permanent. 



Observations carried on for a series of years (1850 — 
1856) at Palembang, on the north coast of the south-east- 
ern part of Sumatra, have led to the following results : — 
From November to March the prevalent winds are west- 
erly and north-westerly. This is the regular rainy season, 
during the west monsoon. April is the month of change 
of the monsoon ( Kentering der Moesons), when thunder- 
storms are most frequent. From May till September east- 
erly and south-easterly winds ( Oostmoeson ) are predomi- 
nant, and the change comes in September or October. 
From this it appears that the wind shifts pretty regularly 
round the compass, for its mean direction for each month, 
in order, counting from south to west, is 7° W., 20° W., 
30° W., 28° N., 79° N., 85° N., 6° E., 21° E., 18° E., 
25° E., 30° S., 4° W. 

At Padang, the regular monsoon is nearly entirely con- 
cealed by the daily alternation of the land and sea-breezes, 
setting in nearly at right angles to the coast, which runs 
from NNW. to SSE. The land-wind is ENE., the sea- 
breeze WSW. The greater abundance of rain and the 
increased frequency of thunder-storms in the months of 
March and April, and in those of October and December, 
remind one of the change of the monsoons. 

At Banjermassing, on the south coast of Borneo, the 
SW. monsoon prevails from December to March, the SE. 
monsoon from April to October. The change seems to 
be of short duration. Pain is most abundant from July 
to October, while thunder-storms are more frequent in 
the months of November, December, and May, at times 
consequently later than the changes of the monsoons. 
There is, however, in this respect, a considerable variation 
between individual years. In 1851, eighteen thunder- 
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storms were observed, while eighty-three took place in 
1857. A closer examination of the direction of the wind 
leads to the following results : — The predominant direction 
of the wind in December is SW. and WSW., and it be- 
comes more westerly in January and February. In March 
the direction during the day is less constant. In April 
the SE. wind becomes prevalent and increases in steadi- 
ness up to August and September. In October it gets 
round to the southward. In November this is the case, 
in the morning hours, in a still higher degree ; in fact, in 
the afternoon, the wind goes somewhat past south towards 
the west. At last in December the SW. monsoon is defi- 
nitely established. 

I take these determinations from Krecke’s compendious 
investigation of the observations contained in the ‘ Meteor- 
ological Observations in the Netherlands and their terri- 
tories.’ * 

If we determine the mean directions of the wind, from 
the ship’s observations of individual directions collected 
by Maury, by Lambert’s formula, as Coffin has done for 
the Atlantic Ocean, we obtain the following results : — 





North Latitude 


South Latitude 




25° — 20° 


i.3 

0 
O 

1 

o 


Oi 

1° 

o 

o 


10°— 5° 


o 

o 

1 

o 

‘O 


0°— 5° 


5°— 10° 


January . 


NE 


NE 


NE 


NE 


NNE 


W 


s 


February 


WNW 


WSW 


NE 


NE 


NNE 


WNW 


SW 


March 


WSW 


NNE 


NE 


NE 


NE 


WNW 


SW 


April . 


ssw 


SSW 


S 


SSE 


SW 


WNW 


SW 


May . . 


ssw 


ssw 


SSW 


SW 


SW 


SW 


SE 


June . . 


ssw 


SW 


SW 


SW 


SW 


SSE 


SE 


July . . 


ssw 


SW 


WSW 


SW 


SSW 


SSW 


SE 


August . 


ssw 


SW 


SW 


SW 


SW 


s 


SE 


September 


ssw 


ssw 


SW 


SW 


SW 


SE 


ESE 


October . 


ESE 


NE 


SSE 


SW 


WSW 


s 


ESE 


November 


NNW 


NNE 


NE 


NE 


WSW 


WSW 


NNE 


December 


NNE 


NNE 


NE 


ENE 


NNW 


w 


W 
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The following table is more accurate : in it the angles of 
the direction of the wind are taken from S. through E. 
round to W. : — 





North Latitude 


South Latitude 




25°— 


to 

o 

o 


20°— 


-15° 


15°— 


-10° 


10° - 


- 5° 


5°— 


- 0° 


0°- 


- 5° 


5°— 


-10° 


J anu ary . 


214° 


26' 


215° 


53' 


230° 


51' 


227° 


13' 


210° 


14' 


89° 


55' 


349° 49' 


February . 


119 


1 


68 


14 


227 


29 


226 


3 


209 


47 


108 


7 


53 


45 


March 


62 


14 


212 


42 


219 


43 


223 


24 


217 


2 


104 


27 


40 


38 


April . . 


33 


10 


34 


39 


356 


28 


330 


59 


62 


15 


109 


19 


287 


22 


May . . 


25 


3 


30 


43 


24 


18 


55 


35 


37 


45 


36 


13 


318 


1 


June . . 


30 


53 


39 


31 


41 


16 


45 


40 


56 


24 


349 


58 


304 


18 


July . . 


23 


30 


47 


17 


50 


41 


54 


6 


29 


38 


32 


13 


316 


49 


August . 


30 


15 


42 


40 


52 


0 


35 


10 


47 


46 


359 


49 


306 


50 


September 


23 


24 


48 


10 


52 


15 


49 


43 


42 


3 


306 


0 


299 


35 


October . 


283 


6 


215 


2 


325 


45 


54 


18 


64 


8 


358 


53 


289 


33 


November 


161 


20 


203 


55 


225 


11 


235 


56 


76 


17 


67 


27 


20 


12 


December 


203 


24 


212 


41 


233 


12 


247 


4 


149 


30 


79 


57 


88 


38 



The next table gives the intensity, 100 being taken for 
the intensity if the wind had blown from the same quar- 
ter without interruption : — 





North Latitude 


South Latitude 




25° — 20° 


20° — 15° 


15° — 10° 


o 

»Q 

1 

o 

O 


o 

O 

1 

o 


o 

»o 

1 

o 

o 


1 ° 

o 

o 


January . 


32 


59 


69 


63 


44 


27 


29 


February . 


13 


14 


59 


74 


49 


39 


29 


March. . 


59 


48 


39 


73 


37 


21 


17 


April . . 


71 


68 


11 


29 


33 


18 


26 


May . . 


84 


75 


66 


76 


74 


22 


38 


June . . 


83 


83 


93 


81 


83 


49 


49 


July . . 


70 


84 


93 


70 


70 


64 


75 


August . 


87 


74 


82 


65 


67 


48 


80 


September 


28 


57 


78 


91 


65 


41 


58 


October . 


30 


22 


18 


37 


61 


16 


65 


November 


29 


69 


68 


13 


48 


35 


9 


December 


79 


77 


73 


39 


16 


42 


31 


Mean . . 


55-4 


60*8 


G2-4 


593 


53-9 


35*2 


421 

1 



E 
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We see from this that the minimum intensity of motion 
is in the vicinity of the equator, and this fact is more 
clearly marked to the south than to the north of the line. 
We cannot here speak of a zone of Calms, as in the 
region of the Trade-winds, inasmuch as there is a constant 
current during the summer months, the direction of which 
changes, on crossing the line, from that of the SE. Trade- 
wind to one which is south-westerly. We see, however, 
that the line of partition between the northern and south- 
ern hemisphere falls in this district within the latter, if 
we assume the least value of the mean intensity of both 
currents to indicate that line. 

The Dutch observations made at Nangasaki in Japan 
(1845 — 55) afford us accurate information about the 
winds at the outer limit of the Monsoon area. In the 
month of September the wind is NNE. and in October it 
gets round toward N. From November to January the 
mean direction varies a few degrees from N. on the west 
side, and becomes more westerly in the succeeding months, 
so that it is nearly WNW. in April. In June, however, 
it is nearly NNW. again. From June to August the pre- 
valent winds are SW., and they are most southerly in July. 
The months of change of the Monsoons are accordingly 
April and May on the one hand, and August and Septem- 
ber on the other. Thunder-storms are not common ; they 
are most frequent in March, July, and August. 

We have seen that the Trade-winds set in from both 
sides to that parallel of latitude within the torrid zone at 
which the total pressure of the atmosphere is least. This 
result accords perfectly with a hypothesis, which must ne- 
cessarily be admitted to be allowable, that the air rises there. 
In former works I have demonstrated that the same fact is 
true of the Monsoons, and it will therefore suffice for my pre- 
sent purpose to quote from them the following statements : — 
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The dry air, and the aqueous vapour disseminated 
through it, exert a pressure in common on the barometer. 
Hence we see that the barometrical column consists of 
two portions, of which one is due to the dry air, the other 
to the aqueous vapour. From this it is clear that, since 
on a rise of temperature, the air increases in volume, 
rises, and ilows away in the upper strata of the atmosphere, 
while, owing to the same rise of temperature, the evapora- 
tion is increased, and with it, the elastic force of the vapour 
contained in the air ; we shall be able to trace an evident 
connection between the periodical variations of the baro- 
meter and of temperature. Until we can ascertain the 
quantitative relation of both these variations, which take 
place simultaneously, but in opposite directions, we are 
unable to determine whether the total pressure is increased 
or diminished by a rise in temperature, or whether at one 
period the total variation is not in the one direction, and 
at another in that which is opposite. We must therefore 
consider the variations of the pressure of dry air and of 
aqueous vapour separately, in order to be able to under- 
stand the periodical barometrical observations. For this 
we have the following rules : — 

(1.) At all points of observation, in the torrid and tem- 
perate zones, the elastic force of the aqueous vapour con- 
tained in the air increases with a rise of temperature. 
This increase from the colder to the warmer months is 
greatest in the region of the Monsoons, especially towards 
the northern limits of that area. The form of the curve, 
which represents the elastic force in this area, is not de- 
cidedly convex, for the tension of aqueous vapour under- 
goes such a slight alteration during the SW. Monsoon, that it 
remains nearly constant for several months, and accordingly 
the vertex of the curve becomes a right line. In the vicinity 
of the equator, the change from the convex curve of the 
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northern hemisphere to the concave curve of the southern 
is observable at Buitenzorg in Java. The point where 
this change takes place in the Atlantic Ocean appears to 
he farther to the north of the equator. 

The following table * gives the tension of aqueous va- 
pour in English inches for a series of stations situated 
either actually in the region of the northern Monsoon, or 
in its immediate neighbourhood. The results have been 
obtained by hygrometrical observations. The pressure of 

TENSION OF AQUEOUS VAPOUR. 





Jan. 


Feb. 


Mar. 


April 


May 


June 


July 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Year. 


Yakutsk . . 










0142 


0-294 


0-364 


0*323 


0-228 


0-083 








Baganida, 1 . 


... 






0041 


0-085 


0-179 


0-312 


0-274 


0149 


0098 








Ajansk, 2 . . 


0037 


0-060 


0-082 


0-112 


0175 


0-245 


0-343 


0-366 


0-279 


0134 


0-074 


0045 


0162 


Pekin, 12 . . 


0*080 


0-099 


0134 


0-216 


0-324 


0-506 


0-714 


0-664 


0-447 


0-251 


0-138 


0-090 


0-306 


Nangasaki. . 


0-234 


0-241 


0-222 


0-402 


0-479 


0-615 


0-795 


0-827 


0-709 


0-487 


0-346 


0-272 


0-470 


Hongkong, 1 . 


0-371 


0-357 


0-515 


0-698 


0-817 


0-906 


0-917 


0-900 


0-842 


0-705 


0-660 


0-447 


0-678 


Nertschinsk, 9 


0014 


0-023 


0057 


0107 


0-175 


0-344 


0-444 


0-279 


0-235 


0-095 


0-045 


0022 


0153 


Baraaoul, 9 . 


0-048 


0-058 


0-094 


0153 


0-213 


0-336 


0-433 


0-381 


0-256 


0164 


0-087 


0064 


0191 


Tomsk, 1 j . . 


0-063 


0043 


0-078 


0153 


0-243 


0-367 


0-476 


0-458 


0-296 


0-151 


0-061 


0-075 


0-206 


Bogoslowsk . 


0-045 


0-057 


0-078 


0-120 


0-180 


0-283 


0-395 


0-321 


0-242 


0-149 


0088 


0-053 


0168 


Slatoust . . 


0-053 


0-073 


0090 


0150 


0-220 


0-328 


0-416 


0-343 


0-251 


0-160 


0101 


0-066 


0188 


Catherinenburg 


0 - 057 


0-071 


0089 


0137 


0-209 


0-314 


0-410 


0-344 


0-252 


0163 


0-104 


0-072 


0185 


Nishna Tagilsk 


0-050 


0080 


0 101 


0-166 


0-219 


0-340 


0-488 


0-421 


0-260 


0193 








Orenburg, 9 . 


0-074 


0-068 


0-092 


0-158 


0-282 


0*344 


0-406 


0-375 


0-257 


0161 


0-100 


0-082 


0*200 


Derbent, 4J . 


0-178 


0-193 


0-216 


0-279 


0-429 


0542 


0-634 


0-642 


0-497 


0-428 


0-345 


0-223 


0’384 


Baku, 7$ . . 


0-201 


0-201 


0-220 


0-299 


0*551 


0 680 


0-701 


0-547 


0-547 


0-451 


0-313 


0-243 


0-413 


Lenkoran, 7 . 


0-209 


0-236 


0-272 


0-357 


0-517 


0615 


0701 


0-698 


0-581 


0-476 


0-340 


0-229 


0-436 


Alexandropol . 


0-085 


0-098 


0124 


0-182 


0-272 


0-351 


0-367 


0-362 


0-281 


0-225 


0-160 


0126 


0220 


Alagir, 2 . . 


0-148 


0131 


0168 


0-234 


0-373 


0-441 


0-506 


0-491 


0-362 


0-310 


0193 


0166 


0-293 


Tiflis, 13 . . 


0-149 


0*161 


0-184 


0-251 


0-363 


0419 


0-476 


0-478 


0-400 


0-323 


0-239 


0-172 


0-301 


Kutais, 3 . . 


0-190 


0-206 


0-225 


0-305 


0454 


0-551 


0-632 


0-678 


0-539 


0-407 


0-288 


0-207 


0-389 


Redout Kale, 8 


0194 


0-206 


0-237 


0-322 


0436 


0558 


0-647 


0-696 


0-537 


0-431 


0-302 


0-218 


0*398 


Raimsk . . 


0-089 


0-046 


0-142 


0-228 


0-252 


0*306 


0*366 


0-350 


0-303 


0-216 


0-126 


0-082 


0-209 


Calcutta, 4 . 


0-582 


0-576 


0-740 


0-839 


0925 


0-958 


0-969 


0-961 


0-952 


0-851 


0-634 


0-498 


0-791 


Bombay, 4 


0-588 


0-630 


0-728 


0-821 


0873 


0-940 


0-920 


0-912 


0-855 


0-877 


0-740 


0-653 


0-794 


Madras, 5 . . 


0-698 


0-707 


0-811 


0-914 


0-898 


0-849 


0-813 


0-837 


0-866 


0-858 


0-731 


0-721 


0-809 


Tre van drum, 9 


0-723 


0-739 


0-802 


0-862 


0-862 


0839 


0*814 


0-801 


0-801 


0-823 


0-805 


0-758 


0-802 


Amboyna . . 


0-869 


0-863 


0-859 


0-858 


0-859 


0853 


0813 


0-822 


0-826 


0-822 


0-844 


0-832, 


0-844 


Palembang . 


0-865 


0-854 


0-865 


0-891 


0-880 


0-879 


0 834 


0*819 


0-817 


0-826 


0-849 


0-853 


0-853 


Buitenzorg . 


0-756 


0-756 


0-757 


0-755 


0-761 


0*741 


0-717 


0-713 


0-713 


0-731 


0-746 


0-739.0-741 


Banjoewangie 


0-916 


0-912 


0-940 


0-921 


0-913 


0 897 


0-854 


0-847 


0-872 


0-898 


0-895 


0-896|0-897 



* Vide also The Sixth Number of Meteorological Papers, published by 
authority of the Board of Trade, 1801. 
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the dry air has been obtained from the height of the baro- 
meter by deducting therefrom the tension of the aqueous 
vapour. The numbers which follow some of the names 
indicate the number of years from which the mean values 
have been taken. 

(2.) The variation in the pressure of the dry air takes 
place in the opposite direction to that of the aqueous 
vapour, as it diminishes from the colder to the warmer 
months. The maximum diminution always occurs in the 
warmest month in the temperate zone, and consequently 
it is observed in the northern hemisphere in July, in the 
southern in January or February. The oscillation is of 
greatest magnitude at the northern limit of the northern 
Monsoon, reaching a maximum of 1 '387 in. in Pekin. It 
exceeds an inch at Hong Kong, Benares, and Barnaoul, 
nearly reaches that value at Calcutta and Yakutsk, and 
is still above 0 9 in. at the Caspian Sea. In Australia it 
does not exceed 0 7 5 of an inch, and in Western Europe 
it is about 0 - 3. 

In the following table the pressure of diy air in each 
month is given as the variation from the mean pressure 
for the year : — 




PRESSURE OF DRY AIR. 



THE YEARLY PERIODICAL WINDS. 
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Yakutsk 

Ajansk 

Pekin 

Nangasaki .... 
Hongkong .... 
Nertschinsk ( a ) . . 

.. w • • 

Barnaoul (a) . . . 

(A) • • . 

Tomsk 

Bogoslowsk . . . 

Slatoust 

Catherinenburg (a) . 

. .. (*) • 
Nishne Tagilsk . . 

F. Alexandrowsk . . 

Orenburg .... 
Lugan 




(2) CAUCASUS AND TARTARY. 
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Derbent . . . 

Baku . . . . 
Lenkoran . . 
Novo Petrovsk 
Aralsk . . . 

Aralich . . . 
Eaimsk, 3 . . 
Alexandropol, 6 
Alagir . . . 

Tiflis . . . . 
Kutais, 3 . . 

Redout Kale, 8 
Petigorsk, 2 . 

Trebizond . . 

Constantinople 




Calcutta, 4 (a) 
(*) 

Benares . . . 

Nusseerabad . 
Madras . . . 

Trevandrum . 
Bombay, 4 
Poonah . . . 
Mercara . . . 
Dodabetta . . 

Colombo . . . 
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St. Jago 



■0 ®. a ^ T3 © 

i*n r"! ^ c 'i rH 



s -a 

1 i 

9 o 

O m 
O <u 
Ph 

2 £« 



*S § 



n nd 

rH 9 
u o 



M 



hn ^ 

_ £ «§ 
© 



2 



P< -P p 

g g H 5 

3^1 • {2 © 

' 2| ^ sg 

03 r 




g J§ § 

-S ^ ** i 

° .2 eg 2 ^ 

« I 2 * ^ 



2 ^ w y 

^ £ a 



o 



Cj 



«3 






S o 



o 





FLUCTUATIONS OF THE BAROMETER 

(1) NORTHERN ASIA. 



THE MONSOONS OF THE EAST INDIES. 



57 



~ 3 
o* 


MO(N(Mrti©NNaW'»(<0i^N«)N‘0«500HtOMO05 05 'O (N 

C50)^>0(NMW^h«5«iNO>(5WOOOOOMOOONHO 50 CO 

co'om^^co^^>o5oi^^^co9 l 0 9^!Noieo(Ncoco 
oooooooooooooooooooooooo ooo 


Mean 


OOQHTfMNiONTtiNHHaiOOMfNOOHiO^OOOVSOMN 
N00t^k0Q000WTl<0>NH0005Q005NC0e0NONM0JC0H05HrJ( 
©CO»H© 0090 (» 0 )HI>N»p» 0 «»®NHOOCCIN^N «0 
C505C5005C505005C50 t''» t'- 05C5 05 C5 05 C505C5C5C5050505050 


Dec. 


HOONN'OOCOOOnCOiNTjtOiOCOCNOOCONHiO^OOONO 

OOOMiNa«3NHlNOiNWNH»NiOH^(NH(NHHMOO'0 

COr-HOeOf^*^tf ; HC<l(>JC<ICOf^»^C<lr ; Hr-(Oi-<00^000'^*7<00 

0*0 oooooooooooooooooooooooooo 
+ + 1 + + 1 + + + + + + + + + + + + + + + 1 + 1 + + + 1 


Nov. 


C5 1>.HCOCOHOOOON05T(«COCONrHWOO«505MW05Nn®«(NH 
^C5CO>0«JO)(NHNN®Hao»0‘0®®®HO(NHCOa®HN 

oooooooooooooooooooooooooooo 

++++++++++++++++++++++++++++ 


Oct. 


0»<OMT)t01HQ0®C0T)«HWOMO‘OH«5(NC0O^©^e0®05M 

OWNHrJ(OOHOH®HN«®M®««W«5NMW(N«NNH 

poO^pOOOpOfTHOOOOOOOOOOOOOeOOOf^ 

oooooooooooooooooooooooooooo 
1 I++ + +I + + + + + + + + + + I+ + + + +I 1 + + + 


Sept. 


NNW5^W®nN005HW«5H^HOC005rJIOnMHt)(05®0 

«KNHNHi0 50MH(N®(N(NNl0C005®OC005CDT)(a)®HHH 
pHppHpHpNppppppppHOpppppiNppp 

oooooooooooooooooooooooooooo 
+ 1 1 1 1 1 1 1 1 1 1 1 + 1 1 1 1 I+ + + + +I + I 1 + 


August 


Ttt®N^«5a®N®«5(N(N®®®00)MM®®05®M05W5®(N 

^N(NO>MN«50MHNrt(S®NTic^^CO®05^NN(N^«5W5 

(NNOlNNH(N(S«NMHH(N(NN«HpppppHOHHH 

OOOOOOOOOOOOOOOOOOOOOOOOOOOO 

1 1 1 1 II 1 1 II 1 1 1 1 I 1 II 1 1 1 1 I++I 1 1 


July 


®®M®M0>»0t»05M«HNi0NWMH^C5«0>»ON®M»0 

0)Mr)»O05Hi0OMNONa>0(0HC0NN(0®^(0i0ONt05jt 

oooooooooooooooooooooooooooo 

1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 


June 


NONCOO»OMH^ONMON®TjU<50005^®H»0«W5MO® 

H^05C0O»0WP3CD(0ii05(0«5NTH(00)TiU0«NN>0(NlNO«5 

WHOW(NHH(NHH«HHrtNN(NHHHHHHHN(NC<H 

OOOOOOOOOOOOOOOOOOOOOOOOOOOO 

1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


May 


NOOSTjiCOWHOTtiMNiOHOCDHCOaiOCOTliilHWNHWN 

OONhO)H(OCOW»00®NNNIOt|iOON«5NW(OCO«5«5H 

NHO(NpppOi^p«HHHpHHppppppHHOpH 

oooooooooooooooooooooooooooo 

1 1 1 1 1 u 1 1 1 1 1 1 1 1 1 M- 1 1 1 + 1 1 1 1 1 1 


April 


®^T|iMHN‘OOi‘OW®»(NHO'OHOOH'<tNHMiO®a®W 

lONQCOOKiO^TliO'OCOCO^N^TtlHOHOnoCOQIN^i-l 

ppHpopopppppppppppppppoHpooo 
oooooooooooooooooooooooooooo 
I++I I++I 1 1 1 1 I++I++I++I I + I+ +I 


March 


C5^050®05NtCWtJIIOHHW(NhhNtJI05®0)HC005tJI050 

CON(NOHiC(NH(NOna5NOHlNCOCC'iJ<COHO l OOCOCONil5 

P?7 l 'r , 'r , 7 l 7 ( 7 l T 1 7 , 7 l ??7 , 7 l 7 , T < 7 l P?POpNNOOO 

oooooooooooooooooooooooooooo 

++++++++++++++++++++++++++++ 


Feb. 


00‘0!NTjlHHlOHTjlQOlNNW3(N'<jlCO(NlCHC)(NCOO^HOO(N 
NN^N^»^tOOOO)N^»NH^«3Ne3«0«5NiON(D05 
NHONHHHH(NNiNHHNNNT|iNp?OpOOHOi-lH 
OOOOOOOOOOOOOOOOOOOOOOOOOOOO 
+ + + + + + + + + + + + + + + + + + + + + + + + 1 + + + 


Jan. 


®(NNrJ(05®H«OOOH«®(NO)‘OOiN'liNNO«5NO»W«5N 

HHOr|l®W«5«M«WOOOCONHr|INfl505HW!OHN05H 

(NMOWHpHHNNnNiNWNNCONOOOHHOiNHHN 

OOOOOOOOOOOOOOOOOOOOOOOOOOOO 

++++++++++++++++++++++++++++ 




Yakutsk, 1§ . . . 

Udskoi, 1 . . . . 

Ajansk, 2 ... . 

Pekin, 12 ... . 

Nangasaki .... 
Hakodati .... 

Nafa, 1 

Macao 

Canton 

Hongkong .... 
Shanghae .... 
Nertsehinsk, 17 . . 

9 . . 

Bamaoul, 20 . . . 

9 . . . 
Irkutsk, 15 ... 

Tomsk 

Tobolsk, 6 . . . . 
Bogoslowsk, 17 . . 

Slatoust, 19 ... 

Catharinenburg, 22 . 

9 . 

Nishne Tagilsk . . 
Beresow .... 
Tscherdyn, 1 . . . 
Orenburg, 13 . . . 

10 . . 
F. Alexandrowsk 




Derbent +0-153 +0-016 +0-023 -0-010 -0036 -0 174 -0*196 -0-112 -0-016 +0-128 +0 101 +0 120 30 123 0-349 

Baku +0-132 +0 069 +0-042 -0 029 -0-066 -0-161 - 0-221 -0-154 -0*018 +0*137 +0-159 + 0*112 30-177 0-380 

Lenkoran .... +0-172 +0-052 +0-031 -0-039 -0-055 -0-161 -0-217 -0 158 -0 024 + 0-127 +0-149 +0*123 30-210 0*389 

Novo Petrowsk, 6 . +0*125 +0*066 +0-035 -0046 -0*082 -0*175 -0223 -0*151 -0-023 +0-161 +0-189 +0-124 30-036 0-412 
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Trebizor 

Constan 

Kasan, ! 

Lugan, 

Nicholai 

Odessa, 

Kaluga, 

Moscow 
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Aden 

Cairo 

Mostaganem, 2 . . 

Oran, 12 .... 

Algiers 




Bombay, 5 ... . 

Poonah 

Mercara 

Seringapatam . . . 

Nusseerabad . . . 
Mozufferpoor . . . 

Nusseera .... 

Benares 

Calcutta, 10 . . . 

4 . . . 

Agra 

Madras, 5 ... . 
Trevandrum . . . 

Singapore .... 

Manilla 

Canton 

Macao 

Tirhoot 

Ava 

Serampore .... 
Mahabuleshwur . . 

Ootacamund . . . 

Dodabetta .... 
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In both of the Tables (7 & 8), which refer to the Southern Hemisphere, the seasons are taken in the same sense as in the Northern 
lisphere : -viz., Winter — December to February ; Summer — June to August. 
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(7) SOUTH ATLANTIC OCEAN {routined). 



Latitude S 


Wiiit* r 


Spring 


Summer 


Autum n 


Mean 


Oscillation 


o°--- ^ 


— 0-080 


— 0-020 


+ 0-081 


+ 0-081 


20-08!) 


0-007 


5 — lo 


— 0-080 


— 0-080 


+ 0028 


+ 0-088 


20-070 


0-008 


10 — l."> 


-0-088 


— 0-080 


+ 0-027 


+ 0 021 


80-02.5 


o-ooo 


15 — 20 


— 0-088 


— 0-022 


+ 0-088 


+ 0-028 


80-001 


0-070 


20 — 2.) 


-0-012 


— 0-020 


+ 0-081 


+ 0-118 


80-104 


0100 


'lo — 80 


— 0-088 


— 0-020 


+ 0-081 


+ 0-02.5 


80T01 


o-ooi 


80 - 35 


-0-002 


- o-oo: 


+ 0-081 


+ 0-08.5 


80-058 


0-007 



(8) INDIAN OCEAN. 





Latitude 


s 


Winter 


Spring 


Summer 


Autumn 


Mean 


Oscillation 


10° 


- 28 


10° -5 


-0-019 


-0-003 


+ 


0 021 


+ o-oii 


30-018 


o-oio 


i 20 


- ‘ 2( > 1 


28 


-0-007 


— 0-020 


+ 


0-071 


+ o-ooi 


30-070 


0-138 


28 


— 28 


25 <5 | 


— 0-102 


-0-039 


+ 


0111 


+ 0-039 


30-070 


0-210 i 


27 


— 81 ' 


28 : 


- o-ioo 


— 0-019 


4 


0-098 


+ 0-031 


30 007 


0-201 ' 


80 


— 88 i 


81-5 


- 0131 


-0-010 


+ 


0151 


+ 0-00,5 


30-071 


0-282 


33 


— 30 ; 


81 


-0-072 


+ 0-007 

1 


+ 


0-055 


+ 0-012 


29-996 


0-127 



I append graphical representations of the rarefactions 
which are observed throughout the area where that 
phenomenon is most remarkable. 



“ ~ < S. C * 
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Calcutta 



Brnarpj 



Madras 

Manilla 

Trornndrum 



Raimsk 

Novo l’rtrowsk 

Orcnlmrp 

T.Ili* 

Lenkoran 




If wc seek to determine the area in which the rare- 
faction reaches a maximum value in the northern hemi- 
sphere, we find it to exceed 0-35 in. over an area whose 
southern limit passes from Barnaoul to the shores of the Sea 
of Aral, then turns to the eastward so as to enclose the 
whole plateau of the Gobi, and even to embrace Shanghae 
and Pekin on the east coast of Asia, while Benares and 
Calcutta are all but included within it. The area in which 
the rarefaction is between 0T8 and 0-35 in. includes the 
eastern side of the Ural range lying to the south of 
Catharinenburg, the Kirghis Steppe, the Caspian Sea, 
Persia, Afghanistan, Southern Arabia, the catchment 
basin of the Indus, the valley of the Ganges, the 
northern portion of Burmah, and the south of China. The 
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boundary turns northwards, between Canton and the Philip- 
pine Islands, and passes through Japan to the coast of 
Mantchouria. The extreme limit of the area in the 
Pacific Ocean — i.e., the point where the rarefaction 
ceases to be observable, is as yet undetermined. The 
western limit passes from the neighbourhood of St. Peters- 
burg to the south, so that the west coast of the Black Sea, 
Asia Minor, Syria, and Egypt, are included in it. The 
point where this boundary meets the coast of Africa may 
be determined with considerable accuracy, inasmuch as 
Palermo and Tripoli lie outside of it, as may be seen from 
the following table : — 





TRIPOLI 


PALERMO 


Earom. 


Bnrom. 


Dry Air 


Tension of 
Vapour 


January 


+ 0-122 


+ 0004 


+ 0-158 


0-314 


February 


-0-021 


+ 0-013 


+ 0-161 


0-320 


March 


-0086 


-0-036 


+ 0-072 


0-359 


April 


-0058 


-0-054 


+ 0024 


0-390 


May 


-0068 


-0014 


+ 0-006 


0-449 


June 


+ 0029 


+ 0-020 


-0076 


0-564 


July 


+ 0004 


+ 0-004 


-0-200 


0-672 


August 


+ 0-020 


+ 0-006 


-0177 


0-651 


September 


+ 0019 


+ 0-030 


-0119 


0-616 


October 


-0-002 


+ 0018 


-0-054 


0-541 


November 


-0-014 


+ 0012 


+ 0-070 


0-410 


December 


+ 0052 


-0009 


+ 0-126 


0-333 


Year 


30-104 


29-711 


29-244 


0-468 



The stations in Algeria exhibit clearly the deflection of 
the barometrical curve, while those in the Azores and 
Canary Islands do not do so. It is, therefore, probable 
that the desert of Sahara is included within the area of 
rarefaction, as Abyssinia has been proved to belong to it. 

The distribution of atmospherical pressure does not 
agree directly with that of temperature. In the month of 
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July the isothermal lines form a closed curve in Abyssinia 
and Arabia, enclosing an area in which the temperature 
reaches a maximum value. From this point the tempera- 
ture decreases materially towards the district of maximum 
rarefaction in northern Asia. As regards the western 
boundary, the coincidence with the is-abnormals is much 
closer, but even this does not hold good on the east coast 
of Asia. If we remember that all the great deserts are 
included within the area, we are referred so directly to 
the action of the aqueous vapour that we are justified in 
expecting to find the grounds of this phenomenon therein. 

In spring, according as the sun’s meridian altitude 
increases, the temperature in Siberia rises very rapidly, 
so that the difference of temperature between northern 
Asia and Hindostan is materially decreased. It is still, 
however, sufficient to preserve the current of air as NE. 
Monsoon from higher to lower latitudes. After this period 
the barometrical difference is considerably diminished. 

In Barnaoul, the tension of aqueous vapour does not 
exceed 018 in. from January to May, while in Calcutta it 
rises 0-35 in. On the other hand the barometer falls 0*35 in. 
in Calcutta during the same period, and in Barnaoul 
nearly 0*44 in. By the month of June the total fall in 
Barnaoul reaches 0*66 in., and in Calcutta only 0*49 in. 
We see from this that the point of minimum atmospherical 
pressure lies to the northward of that of maximum tem- 
perature, so that the current of air from the southward is 
attracted not only to this latter point, but beyond it. 
Another consequence of the rapid change of position of 
the point of minimum pressure is that the SW. Monsoon 
frequently sets in suddenly. Under other circumstances 
we should only expect the NE. Monsoon to set in suddenly, 
as it is a colder current than the other. 

The long continuance of the SW. Monsoon is explained 




THE WEST MONSOONS OF THE LINE. (>5 

by the fact, that this current, in its passage over the 
southern slopes of the table-land of Central Asia, parts 
with a great portion of the moisture which it contains in 
the copious precipitation of rain which there takes place, 
and consequently is insufficient to fill the vacuum which 
exists over that plateau. The monsoon is in nowise a 
phenomenon produced by the attraction of air from a 
colder towards a warmer point, analogous to the daily 
land and sea-breezes before described, as is still maintained 
by modern writers who follow in the steps of the old text- 
books. Its cause is to be sought for in the temperate 
rather than in the torrid zone. 

The direction of the monsoons is thus accounted for. 
The SE. Trade-wind owes its motion from the east, to the 
fact of its passage from points which possess a slow to those 
which possess a more rapid velocity of rotation. As soon 
as this current crosses the equator, conditions, which are 
exactly opposite to the above, occur, and the wind becomes 
SW. In precisely the same way the NE. Trade-wind, on 
crossing the equator, becomes the NW. Monsoon of the 
southern hemisphere. 



2i The West Monsoons of the Line. 

This is a peculiar modification of the Trade-winds on 
the Atlantic Ocean, which is known on the coast of 
Guinea. Owing to the position of Upper Guinea, the SE. 
Trade-wind is attracted so far to the northward that rain- 
bringing winds from the SW. and WSW. are felt over the 
whole district up to the Cape Yerde Islands. Between 
this deflected trade-wind and the ordinary trade, there is 
interposed a region of calms, which is marked on the 
maps of Halley, Dampier, and Mushenbroek, as the ‘ Bain ’ 

F 
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or ‘ Thunder-sea,’ in consequence of the frequency of 
tornadoes. 

The observations which were carried on in the Danish 
Fort Christiansborg, on the Coast of Guinea, between the 
years 1829 and 1834, give a mean SW. direction of the 
wind, which continues unchanged throughout the year 
from 10 o’clock A.M. to 10 p.m. In the morning hours the 
direction is slightly north-westerly. 

Similar conditions seem to exist in the Pacific Ocean 
between the Galapagos Islands and the coast of Mexico. 
Their explanation is the same as the foregoing, and is to 
be sought in the sudden change of direction of the coast 
of North America, which is at first northerly, and after- 
wards suddenly trends away to the north-west. 

This Is indicated on Dampier’s chart. In the Gulf of 
Panama he gives easterly winds from September to March, 
and SSW. from March to September. In Captain Wilkes’ 

‘ Map of the World, showing the Extent and Direction of 
the Wind,’ they are represented as spurs of the coast wind, 
called the ‘ Peruvian Monsoon ; ’ and the Galapagos are 
placed on the boundary between unchanged Trade-wind 
and this altered current. Maury’s Wind-chart (Plate xv. 
Part I. 8th edition) gives these winds as SE. and SW. 
Monsoon at the southern edge of the region of calms, 
which here, as in the Atlantic Ocean, extends far to the 
northward, and which English sailors call the ‘ Equatorial 
Doldrums.’ 

The coast of Venezuela must exert an influence the 
exact converse of this. In fact, the observations made at 
Cayenne from 1846 to 1852, show the mean direction of- 
the wind from December to April decidedly NE., and 
from April to November E. During the first-named 
five months, the proportion which the NE. wind bears to 
the E. is 669 : 78. In the remaining months it changes 
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regularly as follows : — May 59 : 68, June 44 : 105, July 
18 : 140, August 8 : 163, September 16 : 164, October 
33 : 131, November 56 : 101. Simultaneously with this 
the trade-wind near the coast becomes fresher, as it is 
flowing towards the heated area before it. The Spanish 
sailors call these very strong Trade-winds at Carthagena 
los brisotes de la Santa Martha , and las brizas pardas 
in the Gulf of Mexico. (Humboldt’s Ileise ‘ Travels,’ 
vol. i. p. 171). 

3. The Lateral Deflections of the Trade-wind. 

The only modifications of the Trade-wind that we have 
hitherto considered, are those produced by the relative 
positions of land and water, considered with reference to 
latitude. If the line of separation between land and 
water be a north and south, instead of an east and west 
line, the result is the common phenomenon of lateral 
deflections of the Trade-wind, the so-called ‘ Coast-winds.’ 
These winds are frequently intermitting, within the daily 
period. When a coast line is a north and south one, the 
Trade-wind, in its passage along it, is attracted during the 
daytime towards the land, which is at an elevated tem- 
perature, while at night it does not suffer this deflection, 
whereas the so-called Land and Sea-winds alternate within 
the daily period. Similarly it may happen, that a lateral 
deflection of the Trade-wind, of the above character, may 
exist for a lengthened period, and so give rise to a sort of 
monsoon. The difference between such winds and the 
true monsoons is, that in the latter case the winds have 
directions opposite to each other, while in the 'ormer the 
directions are inclined to each other at an angle which 
is more or less obtuse. 

According to Glass (History of the Canary Islands), 
Africa exerts a very important influence on the direction 
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of the NE. Trade in the Atlantic Ocean. The NE. wind 
suffers a deflection towards the coast, which increases in 
magnitude the nearer the islands, on which the observa- 
tions are taken, he to the mainland. In sight of land the 
wind is nearly N. (viz. 1ST. by E.). At Lanzerote and 
Fuertaventura NNE., at Grand Canary NE., at Teneriffe 
NE. by E., and lastly, at Palma slightly more easterly, 
which direction it preserves over the whole Atlantic 
Ocean. 

These winds are stopped by the high islands of Canary, 
Teneriffe, and Palma, so completely that, while they are 
blowing strongly on the NE. side of the islands, the oppo- 
site side is in complete calm. Glass gives the extent of 
this shelter to seaward, as 20 to 25 nautical miles for 
Grand Canary, 15 for Teneriffe, 10 for Gomera, and 30 for 
Palma. These calm island shadows are very dangerous 
to navigation, as the high waves break on the edge of the 
calm water as if on a shore, and produce a dangerous surf. 

Dampier * gives as limits of this in-shore north-wind, 
Cape Yerde in lat. 14° and Cape Bojador in lat. 27°. He 
states that ‘ the dust-falls characterise the middle of the 
district.’ ‘The ships being to the southward of Cape 
Blanco, which lies in lat. about 21, they are sometimes so 
troubled with the sand which the wind brings off shore 
that they are scarce able to see one another. Them decks 
are all strewed with it, and their sails all red, as if they 
were tanned with the sand that sticks to them, it being of 
a reddish colour.’ 

Horsburgh (India Direct ory, vol. i. p. 11) states that 
the dust atmosphere between the Cape Yerde Islands and 
the continent is a phenomenon which always exists, and 
continues with NE. winds, and attributes it to the drift in 



Dampier, Voyages, vol. ii. part 3 (The General Trade-winds), p. 15. 
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of sand from the hot sandy desert which lies to the north- 
east. In fact, the phenomenon agrees perfectly with that 
observed on the Guinea Coast, with theNE. land-wind which 
sets in, especially in December and January, and is called 
there ‘ Harmattan.’ ‘ A wind which produces unusual 
dryness, and fills the air with reddish dust so as not un- 
frequently to obscure the sun to such a degree that it may 
be looked at with the naked eye.’ During the prevalence 
of this wind the tension of aqueous vapour at Christians- 
borg at 7 a.m. is 0*622 in., while with ordinary winds it 
is 0*846 in. ; at noon 0*651 instead of 0*940. In the 
latter instance the ratio of the fractions of saturation is 
0*734 to 0*915 ; in the former 0*473 and 0*739. ( Obser - 

vationes Meteorologicce in Guinea Factw, 1845, p. 50.) 
(Meteorological Observations made in Guinea.) 

Fi’om reasons similar to the above, the SE. Trade in the 
South Atlantic Ocean is more southerly on the African 
coast, and more easterly on that of Brazil, than in the 
middle of the ocean. 

The chain of the Andes endeavours to exert a similar 
influence, on a much larger scale, on the SE. Trade in its 
passage over the continent of South America, as the 
Canary Islands do on the NE. Trade in the Atlantic 
Ocean. We should expect to find a sheltered area on the 
lee-side of these high mountains along the coast of the 
Pacific Ocean. As in the case of the Canary Islands, 
where the waves break on the edge of the calm water ; 
so, in the district we are now describing, the Trade-wind, 
which is in violent motion, forces its way along the coast, 
and produces instead of a calm a SSW. wind, when 
the coast has a N. and S. direction ; SW. when its 
direction is from SW. to NE., and finally S. when the 
direction of the coast is from SSE. to NNW. On the 
coast of Peru these winds extend without any variation to 
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a distance of from 140 to 150 nautical miles to seaward. 
They then pass gradually into the ordinary Trade-winds, 
and at a distance of 200 miles the true ESE. Trade is 
found. 

We may naturally expect that the magnitude of the 
deflecting influence, which is exerted by the land on the 
wind which is. prevalent at sea, will be dependent on the 
relation of the temperature of the water to that of the 
land ; a relation which is not constant throughout the 
year. We may see from the form of the monthly iso- 
thermal lines, that the variation in this relation will not 
be very great, inasmuch as the cold water current, which 
flows along the coast of Peru, changes its temperature very 
slightly within the year. In addition to this, the tempera- 
ture of the land varies between very narrow limits. On 
Wilkes’ map these winds are called ‘ The Peruvian Mon- 
soon,’ in the same way as he calls the deflection of the 
SE. Trade-wind on the south coast of Africa ‘ the African 
Monsoon.’ 

Dampier, with much greater correctness, classes them 
with the Coast-winds, inserting them in an intermediate 
position between the permanent winds and the ‘winds that 
shift,’ which deserve the name of monsoons much better, 
and on the coast of Brazil frequently receive that name. 

Wilkes says of them, ‘ Properly speaking, they are not 
monsoons, though they have been classed and considered 
as such. They do not interchange their direction periodi- 
cally, like the others, but only veer through several points 
of the compass.’ The district where the phenomenon is 
observed, extends from Cape St. Eoque to the Island of 
St. Catherine. In this district NNE. winds prevail from 
September to February, and even, according to Dampier, 
up to March, during the period that the sun is at the south 
of the equator. During the same period, all portions of 
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the continents of the southern hemisphere, which extend 
into the torrid zone, experience an atmospherical rare- 
faction, as is shown by the following table of barometrical 
observations : — 



1 Port 

Jackson 


Cape of 
Good Hope 


Rio 

Janeiro 


Montevideo 


St. Jago 


January .... 


-0145 


-0-105 


-0-098 


-0096 


-0-052 


February. . . . 


-0 066 


-0-105 


-0-079 


-0-097 


-0-053 


March 


+ 0-036 


-0-067 


-0-047 


-0-041 


-0-035 


April 


-0-025 


-0 033 


-0021 


+ 0*039 


-0 001 


May 


+ 0 035 


+ 0 033 


+ 0-068 


+ 0-052 


+ 0-006 


June 


+ 0-079 


+ 0-093 


+ 0-127 


+ 0-051 


+ 0 036 


July 


+ 0-170 


+ 0124 1 


+ 0-135 


+ 0-118 


+ 0-018 


August .... 


+ 0-074 


+ 0-111 | 


+ 0-074 


+ 0-079 


+ 0-074 


September . . . 


-0-012 


+ 0-062 I 


+ 0-060 


+ 0-009 


+ 0-040 


October .... 


-0-002 


+ 0-015 


-0-028 


-0-024 


+ 0-032 


November . . . 1 


1 -0 058 


-0-051 


-0-090 


-0-007 


-0-031 


December . . . 


-0-091 


-0-080 


-0-099 


-0113 


-0033 


Mean 


29-514 


30 036 


29-843 


29-955 


28-075 



If Brazil were to change places with the South Atlantic 
Ocean, the result would be that the NE. Trade-wind of 
the Atlantic Ocean would cross the line into the southern 
hemisphere as a NW. Monsoon. In this case Brazil would 
play the same part, with regard to this wind, as Australia 
does with regard to the NE. Trade of the Indian Ocean. 
Its more westerly position causes the NE. Trade to preserve 
the same direction in the southern hemisphere, as it had 
in the northern, instead of assuming one which would be 
north-westerly, owing to the increasing difference in the 
velocity of rotation. The effect of this difference is, however, 
observable, for the wind, which is almost easterly in the 
Gulf of Mexico, increases in intensity as i los brisotes de 
Santa Martha ’ at Carthagena becomes NNE. at Cayenne, 
and retains this direction along the coast of Brazil. 

The coast-winds of the east coast of Africa resemble 
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those which we have just been considering in so far as that, 
when the sun is to the south of the equator, and the baro- 
metrical observations, at the Cape Mauritius and Bourbon, 
exhibit a rarefaction, there is a prevalence of north-east 
winds in the Mozambique channel and along the whole 
coast of the continent, but without the permanence of the 
true monsoon. When the sun is to the north of the 
equator the SE. Trade changes, in the neighbourhood of 
the coast, into SSW. or south. According to Capper 
(p. 69), this NE. Monsoon commences at the Comoro 
Islands in lat 10° S. in November, somewhat later than on 
the Malabar coast, and extends to Cape Corrientes, i.e. 
as far as the tropic of Capricorn. The SW. Monsoon 
begins in April, and lasts till November. It is accompanied 
in the Mozambique channel by clear weather, while the 
weather is rainy during the NE. Monsoon. At the change 
of the one into the other in November, there are daily land 
and sea-breezes. The relative position and character of 
the land appears to modify these winds variously. As 
regards direction they agree, on the whole, with the mon- 
soons of the North Indian Ocean, but differ from them in 
their contrast to each other with reference to the aqueous 
vapour which they contain. On Maury’s chart they are 
given as SW. and SE. winds, in contradiction to all obser- 
vations that I have seen. 

During the period that the sun is to the south of the 
equator, Australia appears to exert an attractive action 
on all sides on the direction of the winds which prevail 
on the seas contiguous to it, and in fact, as far as the 
observations, which have as yet been made, go, they 
indicate a rarefaction of the air in that portion of the con- 
tinent which is in the torrid zone. The influence of its 
northern coast on the monsoon has been already explained. 
A similar deflecting action is also observable on the west 
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coast, as the SE. Trade, on approaching the coast, passes 
gradually through S. towards W. On the east coast, 
Wilkes’ chart gives easterly winds everywhere, and even 
ENE. on the northern portion of the continent. In the 
case of Australia, as well as in that of the other continents 
which extend into the southern hemisphere, there is 
another circumstance to be taken into consideration, viz. 
that the period of greatest altitude of the sun in the south- 
ern hemisphere is also that of its greatest proximity to 
the earth. However, the effect of this contrast of the two 
hemispheres is removed by the fact that, when we consider 
the total effect of the sun’s position in the year, we find 
that during the longer period of the summer of the northern 
hemisphere, when the sun is at a greater distance from the 
earth, the amount of heat received by that portion of the 
earth is the same as that imparted to the southern hemi- 
sphere by the sun, which is at a less distance from the earth 
throughout the shorter summer of that hemisphere. A 
direct consequence of this is that the direct radiation at 
the period of maximum altitude of the sun in the southern 
hemisphere is greater than it is at the same latitude to the 
north of the equator, during the period of summer in that 
district. 

If, in conclusion, we collect all the circumstances of the 
winds of the torrid zone into one general view, consider- 
ing their variations in various parts of that area, we 
obtain the following results : — 

Permanent winds, properly so called, exist only at the 
centre of the two Trade-wind zones, i.e. at those places 
which continue between the limits of those zones during 
their annual motion northwards and southwards. The 
strongest contrast to this is found at those places which do 
not pass out of the belt of calms during this motion. The 
breadth of the Trade-wind zone is much greater than that 
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of the belt of Calms, so that the instance last mentioned is 
only partially realised. At places situated close to the 
equator, the constant Trade-wind becomes an intermittent 
wind. If the extent of the motion of the Trade-zone be 
considerable, the station will be included in both the 
Trade-wind zones, so that as it is exposed to both the 
Trade-winds, the permanent wind above mentioned will 
be converted into an alternating wind. This periodical 
wind receives its developement as a true Monsoon , when 
the alternating winds receive, from the influence of the 
rotation of the earth, a direction opposite to each other, 
and this wind appears in its most complete form when the 
duration of the two Trade-winds is of equal extent, and 
the year is divided consequently into equal portions. The 
condition of opposite directions will not be fulfilled if the 
duration Of the two Trade-winds be not equal, inasmuch 
as the difference of the velocity of rotation is dependent 
on the distance of the point of observation from the point 
where the atmospherical current commences. It may 
further be modified by lateral deflections which have a 
greater effect on one current than on the other, since the 
relation between the temperatures of the land and the 
water is not the same in winter as in summer. However, 
the Monsoons and the coast-winds are not the only classes 
of periodical winds. These winds appear in sub-tropical 
regions as well, but in exactly opposite directions. When 
the sun has its greatest altitude they are included in the 
Trade-wind zone, but as soon as that altitude begins to 
decrease, pass out of the zone, and are immediately in- 
cluded in the descending return Trade, whose direction is 
directly opposed to that of the preceding wind. These 
winds may be termed sub-tropical. This region forms 
the passage to the district of the changeable winds, in which 
the stations are included in each current in turn; but there 
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is no definite period for this alternation. The two currents 
flow alongside of each other, in channels which are con- 
stantly changing. The name of upper and lower Trade- 
wind could not with any correctness be applied to them ; 
and I have therefore invariably termed them in all my 
publications since the year 1827 the Polar and Equatorial 
currents. 

Before we proceed to treat of these changeable winds, 
we must not omit to consider one omission which every- 
one will have noticed in the above explanation. This is, 
that we have considered the constant and periodical winds 
in their course over the different oceans, and in the vicinity 
of the coast. It is, however, clear that the general re- 
lations which call them forth are felt in the same way on 
land, but that there are so many disturbing causes, such as 
the unevenness of surface and other variations in its con- 
dition, that we cannot expect to find here the same sim- 
plicity as appears at sea. In the interior of continents 
we have to look to the commencements of the wet and dry 
seasons, to find the time of entrance of the station into 
either Trade-wind zone, apart from the constant action 
which the prevalent winds in the deserts exert, by the 
accumulations of sand which they leave behind them. The 
passage of this direction of the wind in the interior of 
the continents, which is constant at certain periods of 
the year, into the modifications of the same wind which 
are due to the coast, is as yet completely unknown, and, 
as far as I know, has never yet been discussed. It does 
not seem superfluous to indicate this as a very important 
subject of enquiry, as the fact that the Trade-wind charts 
are only published for the oceans has produced in the 
minds of many persons the strange idea that trade-winds 
are only felt at sea. This conception has been at last 
fully given up in the case of the Monsoons, which were 
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long considered to be a kind of land and sea- winds ; al- 
though these latter disappear entirely at a distance from 
the coast, while the Monsoon does not part with the 
greater portion of the aqueous vapour which it contains 
until it comes in contact with the southern slopes of the 
table-land of Asia. It appears suitable to introduce this 
remark here, as we shall establish the laws of the change- 
able winds on observations obtained at land stations, and 
must claim the right of extension of these laws to the 
ocean. 
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III.— The Changeable Winds. 

Aristotle, in the Politics, says that there are, properly 
speaking, only two forms of Constitutions, viz. those which 
are free, and those which are not free ; in the same way 
as it is said of the winds, that there are really only two 
winds, viz. northerly and southerly, inasmuch as all other 
winds are merely occasional deviations from these two 
directions. Such a statement as the above seems less 
paradoxical on the coasts of the Mediterranean than it 
would in our latitudes, for the contrast of the 6 Tramon- 
tane ’ and the 6 Sirocco ’ is so clearly marked, at the 
exterior boundary of the Trade-wind area, that the former 
'wind, which is the prolongation of the Trade-wind to- 
wards the north, was as well known to the Greeks, under 
the name of the ‘ Etesian ’ wind in summer, as the rain- 
winds from the opposite point in winter. We shall, 
however, proceed to prove that the above statement holds 
good for districts in which a dry season is not known, and 
this must be done by means of investigations of a special 
character. 

Investigations of this character must be carried on in a 
twofold manner : we must prove, firstly, that the changes 
in the direction of the 'wind at any station may be ex- 
plained by an alteration of two currents ; and, secondly, 
that these currents, flowing simultaneously in parallel 
channels, are able to produce the contrasts of weather 
which are observed in succession at each station when the 
change of wind takes place. 
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As regards the relative duration of the two currents, it 
is evident that the equatorial must predominate over the 
polar, and consequently that the prevalent direction of the 
wind, in the temperate zone of the northern hemisphere, 
must be SW., of the southern hemisphere NW. The 
grounds of this predominance are, firstly, that the equa- 
torial current moves in a channel which is gradually con- 
tracting, the polar in one "which is gradually widening ; 
secondly, that the air, when it returns from the poles to 
the equator, occupies less space than it did previously, 
owing to its reduction of temperature ; and thirdly, that 
it has lost by condensation a quantity of moisture, wliich 
was present in the form of vapour in the equatorial 
current, but flows back to the equator as water, having 
been precipitated in the form of rain. 

On the whole, accordingly, we see that the currents 
flow in the temperate zone in parallel channels, while one 
flows above the other in the torrid zone. We have 
described above (p. 39) the gradual descent of the upper 
current at the outer edge of the Trade-wind zone. To 
this motion in parallel channels we owe the fact that 
whenever a relatively severe winter is observed, there 
exists, at the same time, a relatively mild one in an 
adjacent district. This simultaneous compensation of 
a local excess and defect may be shown to lead at all 
seasons to a constant mean temperature, as I have clearly 
proved in the Investigations on the Non-periodical 
Variations in the Distribution of Heat on the Surface of 
the Globe (6 vols.).* 

* Untersuchimgen iiber die nicht periodischen Aenderungcn dor Temperatur - 
vertheilung auf der OberJUiche der Erde. lieimer, Berlin. 
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1. The Currents which alternately Displace each 

OTHER AT ANY STATION. 

The currents themselves may be distinguished from 
each other at any station by the properties explained 
below. The equatorial current flows from a warm to a 
cold, the polar from a cold to a warm region. 

The characteristic differences of these currents may 
always be traced to their differences of temperature, and 
to the differences in the action exerted by the earth on 
them in their course. 

As regards Pressure, it is evident that, owing to the 
greater density of the cold air of the northerly current, 
the barometer will be high during its prevalence ; and 
that, on the contrary, its level will be lower the greater the 
intensity of the southerly current, or, in other words, the 
greater the difference in latitude between the points at 
which the current commences and at which it ends. 

As regards Direction, we have shown above, that the 
northerly current must, when it is well established, take a 
NE. and at last almost an easterly direction ; the southerly 
current a SW., and at last almost a westerly direction. 
Most winds are liars, as they do not come from the regions 
from which they appear to flow. The ENE., the NE., 
and the NNE. are much more truly northerly winds than 
the N. itself, and in the same way the WSW., the SW., 
and the SSW. much more truly southerly than the S. 
itself. 

As regards Intensity it is easy to see that that of the 
northerly current must gradually diminish on its progress ; 
that of the southerly gradually increase. If the earth 
were a right cylinder revolving about its axis, the velocity 
of rotation would be constant at all parallels of latitude, 
and the space between two meridians would be the 
same all over its surface. Under such circumstances, the 
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direction and intensity of the northerly and southerly 
currents would remain constant throughout their course. 
Owing to the spheroidical form of the earth, the meridians 
diverge from each other between the pole and the equator, 
and consequently the channel of the northerly current is 
constantly dilating the farther it gets to the southward, 
while that of the southerly current is closing in a corre- 
sponding manner the farther it gets to the northward. 
The intensity of the northerly current, accordingly, dimi- 
nishes as it becomes easterly, while that of the southerly 
current increases as it becomes westerly. 

As regards Moisture, it is evident that the northerly 
current must be the drier, the southerly the damper, as 
well relatively as absolutely. Inasmuch as they start 
from points whose temperatures are very different ; under 
circumstances, in other respects identical, the absolute 
amount of aqueous vapour contained in the northerly 
current must be less than that in the southerly. The 
warm equatorial air flowing rapidly towards the pole 
enters higher and higher latitudes ; accordingly, its capa- 
city for retaining moisture is gradually diminished, owing 
to the cooling action of the surface of the earth upon it, 
and it must therefore gradually approach its point of 
saturation during its progress. On the other hand, the 
colder air of the slowly moving northerly current reaches 
lower and lower latitudes, its capacity for moisture is 
constantly rising, and it therefore absorbs moisture, instead 
of losing it in the form of rain. We see accordingly that 
while the southerly current loses the aqueous vapour 
which it. brought with it in constantly recurring discharges 
of rain, there is always a clear sky during the prevalence 
of the northerly current, as there is during the north-east 
Trade-wind. 

As regards the Change o f Direction of the wind and the 
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ratio of the number of the individual winds, these points 
depend on very various circumstances. If, during the whole 
period of its prevalence, which is often for many weeks at 
a time, the origin of the northerly current were always 
equidistant from the point of observation, and further, 
were its intensity always the same, the direction of the 
vane would remain unchanged, i. e. as soon as the current 
had assumed the deviation which is due to the difference 
of velocities of rotation of the two points, and the other 
elements which exert an influence on it. If, however, the 
current, which is almost easterly, meets with an obstacle 
at a point situated to the south of the point of observation, 
and is prevented from converting itself, in its further pro- 
gress, into a true cast wind, the air composing that current 
will enter into the condition of relative rest to the earth 
in its rotation, and accordingly become a north wind at 
that point. This will cause the wind at the point of 
observation to become more northerly, so that the vane 
will oscillate slowly between NXE. and EXE. At dif- 
ferent times the distance of the point of origin of this 
current from the point of observation will vary ; and, fur- 
ther, the friction which is exerted by the surface of the 
earth on the lower strata of a current, will be greater 
when it is flowing slowly than when it is in more rapid 
motion ; so that the easterly deviation will be more con- 
siderable. We may therefore expect to find that there is 
not much difference, as regards number, between NE. and 
E. ; and the maximum will fall accordingly, sometimes on 
the one, sometimes on the other point of the compass. 
From considerations similar to the above it is easy to see 
that the quick-flowing southerly current, which is SW. 
when it has attained permanency, will exhibit, in general, 
an oscillation between SW. and W. ; that the number of 
times that the wind will blow from these points will be 

G 
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very great, and that, if we take all these fluctuations into 
account, we shall find a majority of direct shiftings, which 
cannot be very considerable, and must be proportionably 
less so the shorter the intervals are which intervene 
between the periods of observation. South and north 
winds, in the sense of the Law of Gyration, as they come 
immediately before a maximum, will be, in general, of 
rare occurrence, if local conditions, such as the direction 
of a fine of coast, or that of a valley, do not confine the 
currents to these points. According to the above we 
should expect also the SE. and NW. winds to be rare 
winds. This is the case with the SE.,* but by no means 
with the NW., especially in the west of Europe; f Its 

* A remarkable exception to this statement is found in tlie Steppe district 
of the south of Russia, in which tract of country, extending from the north 
coast of the Caspian to that of the Black Sea, and inland into the Steppe, 
the mean direction of the wind is south-easterly, according to the investiga- 
tions of Wesselovski. 

t From the observations of Mr. F. J. Foot, made at Ballyvaughan, on the 
west coast of Clare, in the year 18G1, Prof. Haughton ( Journal of the Royal 
Dublin Society , No. xxv.) has calculated the following table of the frequency 
of the wind (in percentages), referred to eight points of the compass, for that 
station, and compared it with the results obtained by Dr. Lloyd for the whole 
of Ireland in 1851 : — 





Co. Clare 


Ireland 




1861 


1851 


N. 


13-9 


10-8 


NE. 


4*9 


73 


E. 


77 


6-9 


SE. 


7-0 


9-2 


S. 


192 


13-6 


sw. 


12-3 


20-2 


w. 


24*4 


170 


NW. 


10-3 


150 




100-0 


100-0 


Resultant .... 


W. 16° 26' S. 


W. 22° 30' S. 



The extent to which the NW. wind prevails in Ireland is clearly shown by 
this table. (Trans.) 
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prevalence in summer is easily seen to be due to the posi- 
tion of the ocean with regard to the continent. The 
reason that the polar current, in winter, frequently com- 
mences as NW. is explained by the course of the iso- 
thermal lines, which, as I have shown at other times, 
must owe their position to other causes besides currents 
of wind. The low temperature of North America pro- 
duces cold air-currents over the warmer area of the 
Atlantic Ocean, which meet the SW. wind of the 
southerly current, and, if they displace it, assume a NE. 
direction. In this case they probably leave the SW. on 
their eastern side. This latter wind flows on towards the 
pole, and may perhaps burst through the northerly current 
at a higher latitude, at which place the two currents will 
he as extremes beside each other. 

As regards the mutual displacement of the currents, 
I have ascertained from observations which have been 
carried on at Kdnigsberg for a long series of years, that 
the southerly current displaces the northerly in the upper 
strata of the atmosphere, before that it does so in the 
lower strata ; while the displacement of the southerly by 
the northerly takes place at first in the lower and after- 
wards in the upper strata. A statement such as the 
above cannot be submitted to an accurate numerical ex- 
amination, and must therefore be, in the main, founded on 
the assertions of different observers, so that the proba- 
bility of its truth will depend on the mutual agreement 
of their testimony. When we come to direct observa- 
tions of the appearance of the sky, there is no one on 
whom greater reliance may be placed than on Howard. 
In his Climate of London he says (p. 127) — 



If after sultry damp weather, and a gradual accumulation of 
thunderclouds with electrical explosions, I observe the fall of 
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small lumps of ice from the clouds ; subsequently to this, violent 
hail, and at last rain ; and if I find that a cold W. or N. wind 
ensues afterwards, I am justified in assuming that this latter 
wind has acted suddenly and in a decisive way in mass, as a 
cold body, on the warm air in which I was before the storm 
began. If, on the contrary, after a dry cold NE. wind the sky 
becomes overcast and the first drops of rain are warm to the 
feel, and if after a heavy shower the air below becomes warm 
and mild, I may conclude with as much certainty that the 
southerly wind has displaced the northerly, having commenced 
first in the upper atmosphere, and in displacing it has lost a 
portion of its moisture by condensation. 

Apart from empirical proofs, like the above, it appears 
to me that this mode of displacement must necessarily 
follow from theoretical principles. Inasmuch as the north- 
erly current flows between meridians which are con- 
stantly diverging from each other, the farther it has 
travelled, and the greater the easterly deflection which 
has been imparted to it by the motion of the earth on its 
axis, the more will the current dilate, and the total weight 
of the atmospherical column will be proportionably 
diminished. This is the reason of the fact that in winter 
— at which season all these conditions appear in their 
simplest forms — the pole of cold of the wind-rose lies 
much farther to the eastward than the maximum of the 
barometer. The temperature of the northern current is 
lower in proportion as its point of origin lies farther 
north. Under the same circumstances, the air composing 
that current is specifically heavier, and its barometrical 
pressure greater, if a cause of rarefaction does not at the 
same time arise from its having travelled to a long dis- 
tance. Such a cause exists in the fact of its motion in a 
channel which is continually widening. Air, when it is 
expanding, falls in temperature, instead of rising ; so 
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that during tlic gradual lateral extension of the current 
the temperature will continue to decrease. The rare- 
faction of the air militates against the rising of the baro- 
meter, which ought to result from the change of tem- 
perature, and eventually causes the level of that instrument 
to fall. This shows us that the maximum of pressure 
will precede the minimum of temperature. In the case 
of the southerly current, which flows in a continually 
contracting channel, the lower air will have a constant 
tendency to rise, so that the diminution of density as 
well as the decrease of temperature in the southern cur- 
rent will be less considerable. If now the southerly 
current meets the northerly at a certain distance above 
the earth’s surface, the elasticity of the air of the former 
will exceed that of the latter ; and the southerly current 
will force its way into the northerly. It follows from the 
considerations just cited, that such a displacement can 
only take place when the northerly current has travelled 
for a long distance, and has been deflected to the east- 
ward in a great degree, or in other words — 

The southerly current can only displace the northerly 
current in the higher regions of the atmosphere , when the 
latter has become almost an east wind. This displace- 
ment must therefore appear as a shift in the direction 
E., SE., S., fc. Consequently, the wind hardly ever goes 
bach in this quadrant of the compass. 

If the southerly current has attained a considerable 
intensity, it may blow directly opposite to the northerly 
current. In this case the currents stop each other’s way, 
a phenomenon which we shall examine more closely 
hereafter. We have now to explain how the shift takes 
place in the lower strata of the atmosphere. 

The mixture of the warm moist air of the southern 
current with that of the northern, which is cold and dry. 
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gives rise to the conditions necessary for the precipitation 
of aqueous vapour. The first form of cloud which ap- 
pears is the Cirrus in long streaks. If fine spiculse of 
ice fall from this, they will reach the surface of the earth 
with the velocity of the southern current, which, com- 
pared with that of the northerly current beneath, is very 
considerable. The first drops may fall to the earth either 
in the solid or the liquid form, or may be evaporated 
before they reach the ground ; but in either case they 
will exert a certain action on the strata of the atmosphere 
through which they pass. In consequence of this action 
the wind will become first due east, then ESE., and thus 
shift gradually until it is south, from whence it will soon 
be brought to SW. by the rotation of the earth. In this 
way we have deduced the phenomena of the east side of 
the wind-rose, and accounted to ourselves for the facts that 
precipitation seldom takes place with north-easterly or 
easterly winds ; that rain begins to fall when the wind is 
to the south of east ; that the NE. wind extends through 
the whole of the atmosphere ; and lastly, that when the 
wind is E. or SE., its direction in the upper strata is more 
southerly than in the lower. We now turn to the west- 
side. 

If the action of the northerly current on the southerly 
never took place until the latter had reached the W. 
point, the phenomena between S. and W. would exhibit 
the characteristic results of the predominance of the 
southerly current, while those between W. and N. would 
show the effects produced by the displacement of this 
latter by the northerly current. This, however, is not 
always the case, as the northerly current often com- 
mences to blow when the wind is at SSW., SW., or 
WSW., and therefore the phenomena between S. and W. 
may exhibit a twofold character. It is self-evident that 
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the cold and dense northerly current will first appear in 
the lower strata, and that the motion of the particles of 
the northern current towards the south, and of the south- 
ern current towards the north-east, will compound an 
intermediate resultant motion which will become more 
and more northerly, through north-west from west, the 
more the northern current prevails. The difference in 
density of the air in the two currents is very considerable 
in the lower strata, and decreases as the distance from 
the earth increases, so that the change will take place 
very rapidly at the surface of the earth, and will be 
accelerated by differences of temperature between the 
two currents. The barometrical indications are affected 
chiefly by the lower strata, and hence we obtain the 
following rule : — 

In oscillations of the barometer , the front of a wave is 
steeper than the back , or, more accurately, the warm and 
light air is displaced by that which is cold and heavy on 
the west side , more rapidly than the cold and heavy air by 
that which is warm and light on the east side. 

I now proceed to give proofs of this mutual displace- 
ment of the currents, and in these proofs we may 
clearly trace the order of sequence which I have termed 
the Law of Gyration. 

2. The Regular Shifting of the Wind in the Northern 
Hemisphere. 

-> S., SW., W., NW„ N., NE., E., SE., S. 

We read in the Book of Ecclesiastes, chap. i. 5, 6. ‘The 
sun also ariseth, and the sun goeth down, and hasteth to 
his place where he arose. The wind goeth toward the 
south, and turneth about unto the north ; it whirleth 
about continually, and the wind returneth again according 




